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preface 





This handbook has been prepared by Parker-Hannifin to provide, in one 
document, technical data and reference material to the designer, builder 
and the user of equipment incorporating fluid power components. The in- 
formation found in the following chapters is equally applicable to most 
industries including, Food Processing, Automotive, Forest Products, Wood- 
working, Machine Tool, Rubber, Plastic Molding, Construction, Packaging, 
Glass, White Goods and any others using automated equipment incorporat- 
ing fluid power devices. 


Since the information contained in this handbook is organized to assist the 
machine designer and manufacturer, as well as service and maintenance 
personnel, it should prove to be equally valuable to the college and vocational 
school student preparing to enter any of these fields. 


The material includes pertinent information on the selection, installation 
and maintenance of fluid power products most commonly used in industry 
today. The table of contents and a complete index have been organized 
to allow for rapid identification and location of information in this book. 
As a further aid, the chapters have been organized into related topics and 
sub-topics, each of which is clearly labeled. 


To the reader, the topical organization will readily lend itself to the analysis 
of any part of a fluid power system. We believe that the illustrations and 
circuits will be useful to improve product understanding, application, 
troubleshooting and service. 


We would like to acknowledge the work done by the people who contri- 
buted to the writing and organization of this material in this handbook. 
Many deserve credit for our first effort to provide industry with a compre- 
hensive fluid power handbook. 


We sincerely hope you'll find the reference material valuable and useful 
and invite your constructive criticism. 


Parker-Hannifin Corporation 
Cleveland, Ohio 44112 
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fluid power 


An accumulator is a container in which fluid) is 
stored under pressure as a source ой fluid power. 
Storage of energy is accomplished by connecting 
the accumulator to a source of presgurized liquid 
to compress the volume of gas in Ше jaccumulatopr. 






original pressure, the gas expands, and pressur- 
ized iquid is forced out of the сао until it 


device being supplied with liquid. 


y. Or they can supply make-up oil for 
olding system pressure. They alsojare used as a 
prime source of hydraulic pressure in small 
systems of short operating life. 


A hydro-pneumatic accumulator is а container in 
иа compressed gas applies force to Ше stored 
liquid. They are, by far, the most popular type in 
use дп industrial applications and are commercial- 
ly ayailable with a diaphragm, bladder or piston 
type separator between Ше gas and the oil. An 
inert gas, such as dry nitrogen, 18 used as the 
energy storage medium. 


Since gas- -loaded accumulators. depend on the 
compression of gas for energy, ideal gas laws 
app y to their operation. The generale equation 15 Р, 

= Р; VT For isothermal со sire or 





ex pa nsion, n = kis for nitrogen. Therefore the 
adiabatic equation is Ра V; 14 =Р› Ма 14 =сопѕіапі. 


Isothermal operation occurs when compression or 
expansion is slow enough to allow transfer of heat 
ош о ог into the accumulator. During compres- 

heat flows out of the accumulator, and during 
expansion heat flows into the accum ulator. With 
standard 3000 psi accumulators the steel wall 
permits the isothermal equation to be used where 
compression or expansion occurs in aboul 3 
minutes or longer. 


Adiabatic operation occurs when compression or 
exphnsion is rapid so that there 15 по transfer of 
heat. The adiabatic equation ig used where 
cang fession or expansion occurs in less than 1 
minute. 


Normally accumulators are sized using the ideal 
газ law and a value of n! for nitrogen. 
However, ideal gas law gives accurate results anly 
at relatively low pressures. Gas change calcula- 
tions can be made by assuming the proper form of 
the |state of change and then applying one of the 


given formulas. This is tedious and can be done 


| 
hydraulic accumulators 












quickly. within engineering accuracy, using the 
Beachley graph of Table a-1. The graph allows the 
sizing of accumulators for isothermal or adiabatic 
operation or a combination of both. It will also 
allow interpretation of a process which is not 
completely isothermal or completely adiabatic. 
Accumulators should be precharged to 100 psi less 
than the minimum operating pressure to prevent 
bottoming of the piston. Normally they are 
precharged at room temperature. However, in 
service the operating temperature of the unit will 
increase, depending on the system temperature of 
the oil. The Beachley chart can be used to 
determine room temperature accumulator pre- 
charge pressure for any system temperature. 


The graph shows specific volume, and thus it can 
be used to determine the size of any accumulator. 


The equation is: 


; in.3 oil req'd. 

Accumulator size ---------- 
Мз _ Ve 

V4 V4 


V; = Specific volume of gas at precharge pressure 
at operating temperature. 


Va = Specific volume of gas at system pressure а! 
operating temperature (or adiabatic temperature 
if adiabatic compression.) 


Үз = Specific volume of gas after discharge of oil 
(either isothermal or adiabatic). 


Let us assume 231 cubic inches of oil 
are required between pressures of 
1000 and 2000 psi. Oil is charged 
slowly (isothermal) and discharged 
rapidly (adiabatic). Accumulator is 
precharged at 70° Е. and will normally 
operate at 100? F. 


Specific Volumes = V; = 405, М; = 190, Vs = 285 
in.3 oil req'd. 231 _ 


Уз Ма 285 _ 190 © 
Vi V. 405 405 


Example: 


Accumulator size = 


231 
‚234 


In the above example, the precharge at 
operating temperature should be 900 


psi. By following the pattern of con- 


= 987 1п.3 or 4.27 gallons 


stant volume lines, the graph shows 
the precharge at room temperature 
DOE F. ) Doue be 840 psi. 
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mal). Precharge at 70° F., but will 


and discharge will be slow (isother- 
operate at 150? F. 


Again assume 231 in. of oil is required 
between 2500 and 3000 psi. The charge 


Example: 


In this example the precharge at 
operating temperature should be 2400 


psi. The graph shows precharge at 70? 


F. should be 2030 psi. 


М: = 178, У = 145, Vy = 178 


Specific volume 


table a-1 





um a | 


N COCALO ПАПИ АА А АДАД РО а 
ћ LA тү НЕШЕ = м үө 
z АТАКА r A A AA NA 
NOTIN IN AN ОВД 
14 АННА ААА АА АДА 
MTN ASN AA МУ м МУ А ІШІ T 
ҚАТЫ ЛАДА A Hs TH "liil 


ы с 
А, Ж 
е щ 
за; c 
о, У 
~ å a CIO = 
а € 7X 
а. ~ ~ С 
=. < 
А: g с а ЭМПЛОЛ 2312345 
«ғ 
о о оо 5 ё росо о оооооососо o ооооосоосооо8 в З е 6 © 
8 du і85885885 T 858286882255: eee 5 
АТА: В Ша А ААА IIO ШАША АЧА А 
Ҹа ҮММҮ! МКМ) ҮШТІГІ ДАДА ТЕ ТИ СЕЛДЕН 
“ІІ ТТА ЕМА АЕ 
Ев | 
\_ 


х ААС 
ка IM РЕАЛЕ Ши DOTT АНА АНА НА ША А 
к А NINE NCNCKNSCULNEN CNN N ЕКА САД МЛАДА А МАПА МАМА NAAT A Ұс 
HALADNA КУ МАО МА А ААА АДАМА АЛА ТАР УУ 
КЛУ У АК МАДАМ ДИМА ААУ А МАО ТАА АМА АА 
NONI МЉЕТ ПАДОМ ЈАЛ А CON NEN 
14 А 


| | КДА ВАО МАМА КО АА 
ПАША НАМЕЋЕ АҒЫ МОМКА УМ TE HH EE АТО МАЗЬ VR VEA S 
ХШ АЛМАТА М КМ А МАДА А АРАДА ат TERT UNTEN ОА че ТҮПҮТ 
МИША ИМАО АМ МОМА А 


К ЕЛІЛІКТҮШ НЕЕ 
МАДА ЛАА ЕМА КАМА ДИМА АВА 


100 
Р | 


ы” SER 
с ж 


P |__| 
"а 


XE 


NN | | И ЩЕФИ ОМ ИО МИ МАЈЕ CL 
ol NS ПАПУА МАЛА PICTUS КАКА АКАГА 
АМА ФАО У ОМАР РК ЊУ МУ А ККМ АШАТА АТА АТУУ АГ о 
ИМ КАСА АГА ПОД КА МТ Мак ШАТЫП АЈ КККК КЗ 
К МУКАМА, ) 
ЗК КК АДА АА 
МАСА КУ МАУ TENS 
„ИМА. ШАШКЕ IN МИКА АЕК 
КУМАТ ХЕК ИШ(ШАЧИ: ЕМА ҮР ИТ ААА ҮЧЕ 
АНА NN АМА NUNC, UNNANNS 
к NINININS Х NAN АКА NS NUNUNIUNTAUNINUNAENINNN 
2 МАГ ОНУ МОМ КУМ АКМ [үт ААА МУУ МАХ 
МИ МОМА ААА А, NINN, ПЕКАТ Е МАТА АУА — 
ФИА У МА МАСА АА А 
E NN NN NIS АМК SD BU 
ПАП ММ NS NN NN "uj: 
| TINT NNN 
SANE INLA С А А АНАНАС 
aL ААА К КНМ МАМ 
S IN NNN SAN NN АК А 
SRS ККК О NUN NONIS МЕА © 
NT | УМ IN. АКК CRUS UNIS МАСАЛА S 
а © Е E s 8 8 8 8 = е S! 
© © © e © т e ~ Te) wn ч e 


915а 3905539а 


TEMPERATURE °F 


The vertical lines are constant temperature, and an iso- 


thermal process would follow these lines. 


An adiabatic process would follow the pattern of 


the broken curved lines. 


Courtesy of 


Professor Norman H. Beachley 
University of Wisconsin 


The solid curved lines are lines of constant gas volume. 


The broken curved. lines are lines of constant energy. 
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hydraulic accumulators continued 


This| graphical technic has been adapted from the 
paper by Mr. Beachley (ref 1) which was based on 
the thermo dynamic properties of nitrogen pub- 
md by Din (ref 2). 


ref 1 N.H. Beachley “GRAFICAL DIMENSIONS 


OF ACCUMULATOR CHANGES USING REAL 


GAS DATA” proceeding, Fluidpower Systems 
and Controls Conference 1973. 


ref 2 Е. Din “THERMO DYNAMIC FUNCTIONS 
OF GASES VOLUME 3 - ETHANE, METHANE 
AND NITROGEN”, Butterworth's, London. 


applications 


Piston-type accumulators can be used in hy- 
draulic systems to perform many different 
functions. The following list indicates what a 
versatile, valuable tool the accumulator can be 
in your system: 


1. Maintaining Pressure 
a. Compensating for pressure loss due to 
leakage, or pressure increase due to thermal 
expansion. 


b. For steady power while pump is doing 
other work. 


с. For emergency use in case of pump or 
peer failure, such as pressurizing clamp on 

jork piece in machine tool, ог lift truck clamp 
carrying a load, or rubber curing and plastics 


presses, or supplying fluid power to withdraw 


tdols to avoid work spoilage, or to maintain oil 
pressure on support bearing until generator 
cán be brought to a stop. 

2. Absorbing Shock 


a. Cushioning of valve closure in hydraul- 
ic power systems or fluid transmission lines. 


b. Cushioning load start, stop ог reversal, 
as on hones, planers, etc. 


c. Cushioning loads being transported, as 
on lift trucks, tractor shovel loaders, and 
other material-handling and earthmoving 
equipment. 


helpful 


Size selection first requires determination of 
needed oil displacement versus pressures. This 
information applied to performance charts se- 
lects smallest suitable size and indicates re- 
quite? gas precharge pressure. Size selection aid 
is available. 


Fluids used in standard accumulators may be 
petroleum-base industrial oil or the water-base 
flame resistant fluids. оран, range: min- 
us 40°F. to plus 200°F. Seals can be furnished 
on Special order for other fluids and for tem- 


peratures to minus 65°F. and plus 4007Е. 





d. Cushioning load reactions, as on head of 
rock crusher, or on pressure rolls of paper- 
making, calendaring or printing machines. 


3. Supplementing Pump Delivery 

On machines of multiple operations where peak 
displacement requirements can be stored in the 
accumulator during low demand portions of 
the cycle or during idle period (on acontinuous- 
ly operating cycle, total demand cannot exceed 
total pump delivery over the cycle time. Oper- 
ations requiring oil from accumulator must be 
of lower pressures than relief valve setting; 
volume of oil will be small if operation requires 
pressure close to relief setting.) 


4. Providing Source of Power 
а. On electric circuit breakers and switch- 
gear. 


b. On hydraulic starters for diesel engines. 


5. Dispensing Fluid 
Such as in a pressurized lubrication system. 


6. Acting as Fluid Barrier 

Where two different fluids are being used in the 
Same system. 

(Seal compound must be suitable for both fluids.) 





hints 


Installation: Accumulators can be mounted 
in any position. Clamps must not prohibit 
thermal expansion. If shell mounting is nec- 
essary, avoid clamping that might distort shell. 
In multiple installation for additional oil vol- 
ume, gas connections can be manifolded to 
level out combined action of accumulators and 


facilitates gas charging. 


auxiliary gas bottles 
Application: Where space will not permit in- 
stallation of required accumulator, a smaller 





accumulator may often be used by connecting 
to it auxiliary gas bottle(s) which can be located 
in some nearby spot where space is available. 
In some cases an accumulator and gas bottle 
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illustration a-3 
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Auxiliary Gas Bottle 
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combination may be lower in total cost. Piston 
travel, confined to the accumulator, must be 
carefully calculated with ample margins. 
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Basic Accumulator Circuit 

For circuits in which oil flow is required inter- 
mittently, with relatively long resting periods. 
A low volume pump, running continuously, can 
store pressurized oil in the accumulator—to be 
used іп large volumes for short periods. Cylinder 
bore diameter must be large enough so that suf- 


DIFFERENTIAL UNLOADING 
RELIEF VALVE 


<> 


Circuit q-2 
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ficient thrust will be obtained even at the low 
point of the pressure cycle, just before the pump 
is loaded to re-charge the accumulator. Re- 
charging of the accumulator may take place 
at any part of thecycle — loading, clamping, un- 
loading, etc. Small accumulator can be used, for 
reversal or two speed extension. 


SYSTEM SHUTDOWN 


N 
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| 
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accumulator circuits continued 


Accumulator Unloading | 

Accumulator unloading, for low volume pumps. 
When accumulator has been charged up to the 
setting on the differential unload relief valve, 
pilot pressure (shown by dotted line) causes the 
D.U.R.V. to dump the full pump output to tank. 
тма allows the pump to pump at a very law 
back pressure. When accumulator pressure falls 


pump and starts charging the accumulator. 
Check valve is built into the differential un- 
loading relief valve and prevents loss of ac- 
cumulator oil through the D.U.R.V. when the 
pump is at a no load condition. 


The differential unloading relief valve, is a valve 
designed specifically for this use. An ordinary 
unloading valve will not work. 


15% below the setting the D.U.R.V. loads the 





Venting Relief with 
Small Unloading Valve 
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Differential Unloading Relief Circuit 
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Venting the Relief with Solenoid 
Controlled Two Way Valve 
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theoretical push and pull forces for cylinder’ 
CUSTOMARY U.S. UNITS 


CYLINDER PUSH STROKE FORCE IN POUNDS 


Displacement | 


| se | so | 100 | 500 | 750 | 1000 | 1500 | 2000 | 2500 | 3000 | 
7 | 15] 2i 31| | 154| 230| 307 461 614 768 921 


1.490 
1.767 
2.410 
3.140 
4.910 
7.070 
8.300 
9.620 
12.570 
19.640 
23.760 
28.270 
38.490 
50.270 
56.750 
18.540 


AT VARIOUS PRESSURES (PSI) 


830 

962 
1,257 
1,964 
2,376 
2,827 
3,849 
5,027 
5,675 
7,854 


392 
745 
885 
1,205 
1,570 
2,455 
3,535 
4,150 
4,810 
6,285 
9 820 
11,880 
14,135 
19,245 
25,135 
28 375 
39,270 


) 
588 


І 
1,118 


1,325 
1,808 
2,357 
3,682 
3,502 
6,225 
7,215 
9,428 
14,730 
17,820 
21 203 
28,868 
37,103 
42,563 
98,905 





75,406 
85,125 
117,810 


100,540 
113,500 
157,080 


17,675 
20,750 
24,050 
31,425 
49,100 
59,400 
70,675 


per inch 
of Stroke 
(gallons) 


115470 
150,810 
170250 





84,825 | 113,100) 169,650) 226,200 


113.100 | : 
NOTE: Deduct Force of Poston Rod Size from Bore Size for Pul! Applications. 


11,310 | 56,550 | 





SI (METRIC) UNITS 


CYLINDER PUSH FORCE IN NEWTONS 


AT VARIOUS PRESSURES IN BARS | 
of Stroke 


| 


table be 


12667.7 


15327.9 | 


18241.5 
24828.1 
32429.4 
36609.7 
50670.9 


| 12966.0 


20268 
24525 
29186 
39726 
51887 
58576 
81073 
116746 


126677 


, 182415 


129717 
146439 
202683 
291864 


114922 


156421 


204305 


230641 


1182415 


248287 
324294 
366097 


319226 1506709 


459686 729680 | 1167457 1459321 


REF. 


129717 
202683 
245247 
291864 
397250 
518870 
585755 






1 7. 
1 ВАН 


(Си. ММ) 


12667.7 
15327.9 
18241.5 
24828.7 
32429.4 
36609.7 
50670.9 
72966.0 


= 4.448 NEWTONS (М) 
= 14.504 PSI 
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mounting styles 


In addition to the standard mountings shown the 
following information covers other mountings 
and mounting ideas that may prove helpful in 
your applications. When needed, special heads, 
caps, flanges or intermediate mountings can 


Clevis Mountings — Cylinders should be pivot- 
ed at both ends, with the customer's pin in the 
piston rod knuckle parallel to the pivot pin 
supplied with the clevis. 


Flange Mountings — Cylinders can be locatéd 
by centering from the pilot diameter of the 
gland, or the alin-a-groove on the body. The 
flanges may be drilled for pins or dowels to 
prevent shifting after alignment has been 
obtained. 


Lug and Side Tapped Mountings — Cylinders 
should be fixed at one end using fitted bolts, 
pins in the mounting lugs or shear keys so lo- 
cated as to resist the major load, whether push 
or pull. 


Thrust Key Mountings — Thrust key mount- 
ings, of the integral key type eliminate the 
need of using fitted bolts or external keys on 
side mounted cylinders. 


Tie Rod Mountings — Cylinders with tie rod 
mountings are recommended for applications 
where mounting space is limited. 


be provided. Sketches of your requirements, 
together with specifications relative to the ap- 
plication and forces involved should be submit- 
ted to the manufacturer. 


Note: If the tie rod nuts are removed during in- 
stallation, be certain to retorque to manufac- 
turer's specifications. 


In addition to the standard mountings shown 
the following information covers other mount- 
ings and mounting ideas that may prove help- 
ful in your applications. When needed, special 
heads, caps, flanges or intermediate mount- 
ings can be provided. Sketches of your require- 
ments, together with specifications relative to 
the application and forces involved should be 
submitted to the manufacturer. 


Trunnion Mountings — Cylinders require lubri- 
cated pillow blocks with minimum bearing 
clearances. Pillow blocks should be carefully 
aligned and rigidly mounted so the trunnions 
will not be subjected to bending moments. 
The rod end connection should also be pivoted, 
with the customer's pin in the piston rod 
knuckle parallel to the trunnions. Trunnion 
pins are usually hard chrome plated. 


Mounting Bolts — High tensile socket head 
screws are recommended for all mounting 
styles. Use 1/16" smaller than hole size. 


us 


cylinders. 


Cap Rectangular 
Flange, Style H. 
NFPA Style MF2 


Head Rectangular 
Flange, Style J. 
МЕРА Style МЕ! 


Head Square Flange, 
Style JB. 
NFPA Style MF5 


Cap Square Flange, 
Style HB. 


| TC, TD. NFPA Styles 
NFPA Style MF6 


MX3, MX2, MX1 


Head Trunnion, 
Style D. 
NFPA Style MT1 


Cap Trunnion, 
Style DB. 
NFPA Style MT2 


Side Tapped, 
Style F. 
NFPA Style MS4 


Side End Angles, 
Style CB. 
NFPA Style MS1 


Side End Lugs, 
Style G. 
NFPA Style MS7 


Centerline Lugs, 
Style E. 
NFPA Style MS3 


Cap Fixed Clevis, 
Style BB 
NFPA Style MP1 


Cap Detachable Clevis, 
Style BC. 
NFPA Style MP2 


intermediate Fixed 
Trunnion, Style DD. 
МЕРА Style МТ4 


Double Rod Cylinders Intergral Key 





illustration b-1 *NFPA Syles conform to ANSI Standard, 1393.15-1971 


b-3 






A complete range of cylinder accessories are 
available from most manufacturers to give ver- 
satility to present or future cylinder applica- 
tions, These include © Eye Bracket, © Rod 
Clevis, © Pivot Pins, © Clevis Bracket and 
©К 






ickle. 





4 
| 





PH Industrial Cylinder with Accessories 
illustration b-2 








mounting classes 


Standard mountings for power cylinders fall Because a cylinder's mounting directly affects 
into two basic classes and three groups. The the maximum pressure at which the cylinder 
two classes can be summarized as follows: can be used, table b-3 (page b-4) should be 


helpful in the selection of the proper mounting 
Class 1 — Straight Line Force Transfer (Group for your application. Stroke length, piston rod 


1 and 3). connection to load, extra piston rod length 

over standard, etc., should be considered for 
Class 2 — Pivot Force Transfer (Group 2). thrust loads. Alloy steel mounting bolts are rec- 
Pivol mountings permit a cylindér to change ommended for all mounting styles, and thrust 
its alignment in one plane. | keys are recommended for Group 3. 


CYLINDER MOUNTING CLASSES 
FOR CYLINDERS THAT ARE RECOMMENDED TO 3000 PSI WORKING AND 5000 PSI NON SHOCK SERVICE 


im | | CLASS 1 — GROUP 1 | CLASS 2 — GROUP 2 CLASS 1 — GROUP 3 


_ FIXED MOUNTS which absorb PIVOT MOUNTS which absorb FIXED MOUNTS which do not | 
force on cylinder centerline. force on cylinder centerline. absorb force on the centerline. 


я a L rw А | 
ат ет ЕЕ Г ЕЕ: 

Mtg. Styles C, CP 

Mtg. Styles C, CP 




















































HEAVY-DUTY SERVICE 
For Thrust Loads — 
For Tension Loads — 


| MEDIUM-DUTY SERVICE 
| For Thrust Loads — 
For Tension Loads — 


LIGHT-DUTY SERVICE 
For Thrust Loads — 
For Tension Loads — 





Mtg. Styles HB, TC, 
Mtg. Styles JB, TB, 


Mtg. Styles DD, D, DB, BB 
Mtg. Styles BB, DD, D, DB 






m m 















Mtg. Styles А СР, Е, ЕР 


Mtg. Styles H, JB 
Mtg. Styles G, GP, F, FP 


Mtg. Styles J, HB 















Mtg. Style J Mtg. Styles CBP, СВ * 
Mtg. Style H Mtg. Styles CBP, CB * 
Ы Mount ng style CB recommended for maximum pressure of 500 p.s.i. in short stroke applications (to 5"). Longer strokes permit higher 


pressures. The use of a thrust kay is recommendeH with this mounting. For more detailed information see manufacturer's product catalog. 


table b-3 | 


















cylinder stroke considerations 


Long Strokes — When considering the use о! selected by specifying cylinders with standard rod 
long stroke cylinders, it is necessary that the diameters, and using them at rated or lower 
rod diameter be of such dimension so as to pressures. 

provide the necessary column strength. Hor 

tension (pull) loads, a correct rod size is easily For compression (push) loads, the column 
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cylinder stroke considerations continued 


strength must be carefully considered. This in- stroke and the length of the stop tube. Mach- 
volves the stroke length, the length of the pis- ine design can be continued without delay by 
ton rod extension, the support received from laying in a cylinder equivalent in length to the 
the rod end connection and gland and piston Net Stroke Plus Stop Tube Length, which is re- 
bearings, the style of mounting and the mount- ferred to as Gross Stroke. 


ing attitude. It is also necessary to consider the | 
bearing loads on pistons and glands, and to piston rod compared to stroke 


keep bearing pressures within proper limits by How to Use the Table 
increasing the distance between piston and gland The selection of a piston rod for thrust (push) 
bearings. This is economically accomplished by conditions requires the following steps: 


various means. Commonly, separation of the 
bearings is effected with a stop tube on the piston 


rod much like a large diameter spacer sleeve. | 
Other designs are provided according to the consult the table 4 [page b-5] and find the 


application requirements. The Stroke Selection "stroke factor" that corresponds to the condi- 
Graph b-1, page b-6, printed in this handbook will lions used. 

guide you where requirements call for unusually 2. Using this stroke factor, determine the 
long strokes, used in push applications. "basic length" from the equation: 


1. Determine the types of cylinder mounting 
style and rod end connection to be used. Then 


When specifying cylinders with long stroke Basic _ Actual ,, Stroke 
and stop tube, be sure to call out the net Length Stroke Factor 





piston rod — stroke selection table 


RECOMMENDED MOUNTING STYLES FOR MAXIMUM ROD END STROKE 
STROKE AND THRUST LOADS CONNECTION FACTOR 


CLASS 1 — GROUPS 1 OR 3 





Long stroke cylinders for thrust loads should be mounted GUIDED 

using a heavy-duty mounting style at one end, firmly fixed 

and aligned to take the principle force. Additional mount- ini s 

ing should be specified at the opposite end, which should BIEID LY 

be used for alignment and support. An intermediate sup- GUIDED 

port may also be desirable for long stroke cylinders mount- SUPPORTED 

ed horizontally. Machine mounting pads can be adjustable 

for support mountings to achieve proper alignment. NOT RIGIDLY 
GUIDED 
PIVOTED 

CLASS 2 — GROUP 2 BIB 

Style — Trunnion on Head GUIDED 
PIVOTED 

Style — Intermediate Trunnion сила 
GUIDED 

| PIVOTED 

Style — Trunnion on Cap or AND 

Style — Clevis on Cap RIGIDLY 
GUIDED 

table b-4 
Graph b-1, page b-6, is prepared for standard length" and "thrust" as found above and note 
rod extensions beyond the face of the gland the point of intersection: 


retainers. For rod extensions greater than stan- 
dard, add the increase to the actual stroke in 
arriving at the "basic length." 


a. The correct piston rod size is read from 
the diagonally curved line labeled "Rod 
Diameter" next above the point of inter- 


3. Find the load imposed for the thrust appli- section. 

cation by multiplying the full bore area of the b. The required length of stop tube is read 

cylinder by the system pressure. from the right of the graph by following 
the shaded band in which the point of 

4. Enter the graph along the values of "basic intersection lies. 


АСЫМ v FN PPP Mr res 
4' n в = 
с”, a ^ 


+ 
ғ» ' 


cylinders 


fluid Es 


cylinder stroke considerations continued 





"5. If required length of stop tube is in the 
region labeled "consult factory," submit the 
following information for an individual an- 
alysis: 


a. Cylinder mounting style. 


b. Rod end connection and method of 


guiding load. 


| 


с. Bore, required stroke, length of rod ex- 
tension if greater than standard, and series 
of cylinder used. 


d. Mounting position of cylinder. 


Note: If at an angle or vertical, 
direction of piston rod. 


specify 


e. Operating pressure of cylinder. 





PISTON fon — STROKE aa GRAPH 
_ROD DIAMETER 
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determining acceleration and deceleration 
force for hydraulic cylinders 


The Uniform Acceleration Force Factor Graph 
and the accompanying formula can be used 
to rapidly determine the forces required 
to accelerate and decelerate а cylinder 
load. To determine these forces, the follow- 
ing factors must be known; total weight to 
be nioved, maximum piston speed, distance 
available to start or stop the weight (load), 
direction of movement i.e. horizontal or ver- 
tical, and load friction. By use of the known 
factors and the "g" factor from graph 2, 
the force necessary to accelerate ar decelerate 
a lb [а load may be found by solving the 
formula (as shown in graph on page b- 7) applica- 
ble 16 given set of conditions. 





Nomenclature 


Velocity in feet per minute 

Distance in inches 

Force in pounds 

Weight of load in pounds 

Force factor | 

Friction of load on machine ways in pounds 


те = то < 


чї 


b-6 





To determine the force factor "g" from the 
graph, locate the intersection of the maximum 
piston velocity line and the line representing 
the available distance. Project downward to 
locate "g" on the horizontal axis. To calculate the 
“р” factor for distances and velocities exceeding 
those shown on the chart, this formula can be used: 
V2 


9-5 х .0000517 


Example: Horizontal motion of a free moving 
6,000 pound load is required with la distance 
of 1/2” to a maximum speed of 120 feet 
per minute. Formula (1) F= Wg should be 
used. 
Е = 6,000 pounds X1.50 (from table)= 9,000 pounds 
(page b-7) 
Assuming a maximum available pump pres- 
sure of 1,000 p.s.i., a 4” bore cylinder should 
be selected, operating on push stroke at ap- 
proximately 750 p.s.i. pressure at the cylinder 
to allow for pressure losses from the pump to 
the cylinder. 
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determining forces continued 


Load in pounds = 6,000 

Deceleration distance in inches = 1” 

Maximum piston speed in feet per minute = 120 
.74 (from table) 

900 pounds 


Assume the same load to be sliding on ways | W 
with a coefficient of friction of 0.15. The S 
resultant friction load would be 6,000 x V 
g 
f 


0.15 = 900 pounds. Formula (2) Е = Wg «f 
should be used. 


Е =6,000 Ibs. X1.5 Pm table} 900 =9,900 165. 


раде b-7 _ В 
Again allowing 750 p.s.i. pressure at the Use formula (3) F = Wg- f 


cylinder, a 5" bore cylinder is indicated. (Е = Wg- f) = (Р = 6,000 X .74 - 900) = 3,540 Ibs. 


Example: Horizontal deceleration of a 6,000 


pound load is required by using a 1" long The pump is delivering 750 p.s.i. acting on 
cushion in a 5" bore cylinder having a 2" the 19.64 Sq. In. piston area producing a 
diameter piston rod. Cylinder bore area force (F;) of 14,730 pounds. This force must 


(19.64 Sq. In] minus the rod area {3.14 be included in our calculations. Thus F 
Sq. In] results in a minor area of 16.5 + Е; = 3,540 + 14,730 = 18,270 pounds total 
Sq. In. at head end of cylinder. A 1,000 p.s.i. force to be decelerated. 

pump delivering 750 p.s.i. at the cylinder is be- 
ing used to push the load at 120 feet per min- 
ute. Friction coefficient is 0.15 or 900 pounds. 


The total deceleration force is developed by 
the fluid trapped between the piston and the 
head. The fluid pressure is equal to the force 


In this example, the total deceleration force іѕз —— (18,270 pounds) divided by the minor area 
the sum of the force needed to decelerate (16.5 Sq. In.) equals 1107 p.s.i. This pres- 
6,000 pound load, and the force required to sure should not exceed the non-shock rating 


counteract the thrust produced by the pump. of the cylinder. 
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To accelerate load and overcome friction — (2)F = Wg+ f | г: ERE 
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the 


fluid 


howéver, | 
connecting lines this velocity should 
limited to 15 feet per second to m 
к= pressure loss and dim cud shock. 


;peed of a hydraulic cylinder piston is 
in connecting li 
ured in gallons per minute, introduced 


generally 

















nimize fluid 


CYLINDER 
SQ. IN. 


CYLINDER 
NET AREA 


two ports per cap. 





Piston speed for cylinders can be calculated from 
data shown in table b-5 and b-6. The table shows 
fluid velocity flow fo major cylinder area as well 


as for the net area at the rod end for cylinders 1” 
through 14” bore size. 


If desired piston speed results in fluid flow in 
is measured in feet per second. In excess of 15 feet 
generally be lines, consider the 
cylinder port, using either oversized ports or 


. | . 
per second in connecting 
use of larger lines up to 


FLUID VELOCITY (IN FEET PER SECOND) 


THROUGH EXTRA HEAVY PIPE AT 





BORE-INCHES 
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EL 0.102 0.074 | O. 045 


MI 1.890 | 1.138 | 
MELI 3.193 | 1.923 
ава аз 
7.89 4.27 2.57 
Ен 
чыт 
EN 
сай 19.08 |10.31 | 6.21 | 
17.90 9.67 
15.10 8.16 


13.29 7. 18 





10 F.P.M. PISTON SPEED. 
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hydraulic cylinder 


о p o [332 | 2000 | ав | 
1-3/4 | 2.405 | 36.08 | 18.74 | 2.504 | 
| 3.142 | 


2-1/2 4.909 33.58 
3-1/2 9.621 28.86 


2.453 
17.44 2.330 
16.32 2.181 
14.99 2.003 
13.47 1.799 


11.73 1.567 
9.79 1.308 
26.12 3.489 
3.385 
24.86 3.321 
24.48 3.270 
23.57 3.149 
2.998 

21.12 2.821 


19.59 2.616 
17.85 2.385 


15.91 2.126 
13.77 1.840 


18.85 
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1-3/8 48.78 
1-3/4 | 2.405 | 47.86 
47.12 


2-1/2 4.909 
7.069 
3-1/2 9.621 
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| о | 78.54 | 40.80 | 5.451 
1-3/4 | 2.405 | 76.14 | 39.56 
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65.97 


3-1/2 
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4-1/2 15.904 
19.635 58.91 
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table b-5 (соп!.) 


3 
3- 
4 
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69.77 
67.63 


5.110 | 170.4 
37.13 4.960 | 165.4 
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85.7 
83.5 
81.8 
77.7 
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66.8 


116.4 
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determining deceleration force 
for air cylinder 


Cushion ratings for Air Cylinders Only are WEIGHT TABLE 

described in table b-6 and graph b-3. To 

determine whether a cylinder will adequately B Маратты эы НЫ 
stop а load without damage to the cylinder, the Piston & Non-Stroke Rod Diameter fort” Stroke 


wieght of the load (including the weight of the 
piston and the piston rod from table b-6) and the 
maximum speed of the piston rod must first be 
determined. Once these two factors are known, the 
Kinetic Energy Graph may be used. Enter the 
graph at its base for the value of weight deter- 
mined, and project vertically to the required speed 
value. The point of intersection of these two lines 
will be the cushion rating number required for the 
application. 





the weight of the piston and rod must 


To ‘weight the total load = be moved, 
be included. 


Example: а 3-1/4” bore cylinder, having а 


Total Weight - weight of the piston and non- 1" diameter rod and 25" stroke; load to be 
stroke rod length (Column 1) * weight of the moved is 85 pounds. Total load to be moved 
rod per inch of stroke x the inches of stroke is then 8.3 165. + .223 lbs./in. x 25 in. * 85 
(Column 2) * the load to be moved, Ibs. or a total of 99 Ibs. 


bie ui GRAPH — AIR CYLINDERS 
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deceleration force continued 


Now referto table b-7 and find the cushion ratings, 
using bore size and rod diameter of the cylinder 
selected. If a simple circuit is used, with no meter 
out or speed control, use the "no back pressure, 
Column A" values. If a meter out or speed control 
is to be used, use the back pressure column values. 
If the cushion rating found in table b-7, page b-11, 
is greater than the number determined in graph b- 
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3, then the cylinder will stop the load adequately. 
If the cushion rating in table b-7 is smaller than the 
number found in graph b-3, then a larger bore 
cylinder should be used. In those applications 
where back pressures exist in the exhaust lines, it 
is possible to exceed the cushion ratings shown in 
table b-7. In these cases, consult the factory and 
advise the amount of back pressure. 


AIR CYLINDER CUSHION RATINGS TABLE 



























table b-7 


Bore | Rod Rating With bu Bore ч = With еы 
Diameter Diameter No Back Pressure Pressure Diameter Bore o Back Pressure Pressure 
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air requirement per inch of cylinder stroke _ 


The amount of air required to operate a су!- 
inder is determined from the volume of the 
cylinder and its cycle in strokes per minute. 
This may be determined by use of the follow- 
ing formulae which apply to a single-acting 
cylinder. 


2 
y -31416 L D с fV 


4 1728 


Where: 
v= Cylinder volume, Bifano 2 К.ў. Ghaz nf. 


Internal diameter of cvlinder, in. 
Air required, cfm 
Number of strokes per minute 


C 
| = 


The air requirements for a дош е-ас пе cyl- 
inder is almost double that of a single-acting 
cylinder, except for the volume of the pis- 
ton rod. 


-cylinde 
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fluid power | | | 
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Тће air flow requirements of а cylinder in 
terms of cfm should not be confused with 
compressor ratings which are given in terms 
of free air. If compressor capacity is involved 
in the consideration of cylinder air require- 
ments it will be necessary to convert cfm 
values to free air values. This. relationship 
varies for different gauge pressures. 


air s. de s continued 


Thrust (pounds) = operating pressure x area 
of cylinder Боге. 


Note: That on the “out” stroke the air pres- 
sure is working on the entire piston area but 
on th "In" stroke the air pressure works on 
the Е ог area less Ше rod area. 


Graph b-4 and b-5 offer a simple means to se- 
lect pneumatic components for dynamic cylinder 


THIS GRAPH IS DETERMINED BY HAVING 


applications. It is only necessary to know the 
force required, the desired speed and the pres- 
sure which can be maintained at the inlet to 
the F-R-L "Combo." The graphs assume aver- 
age conditions relative to air line sizes, system 
layout, friction, etc. At higher speeds, consider 
appropriate cushioning of cylinders. 


The general procedure to follow when using 
these graphs is: 


1. Select the appropriate graph depending 
upon the pressure which can be maintained to 
the system— graph b-4 for 100 psig and graph 
b-5 for 80 psig. 


2. Determine appropriate cylinder bore. 
Values underneath the diagonal cylinder bore 
lines indicate the maximum recommended 
dynamic thrust developed while the cylinder 
is in motion. The data in the table at the bot- 
tom of each graph indicates available static 
force for applications in which clamping force 


100 PSIG AVAILABLE UNDER FLOWING CONDITIONS. 
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air requirements continued 


is a prime consideration in determining cyl- 
inder bore. 


3. Read upward on appropriate rod speed line 
to intersection with diagonal cylinder bore 
line. Read right from intersection point to 
determine the required Cy of the valve and the 
speed controls. Both the valve and speed con- 
trols must have this Cy. 


The following examples illustrate use of the 
graphs: 


Example 1: Assume it is necessary to raise a 
900-pound load 24 inches in two secohds. With 
100 psig maintained at the inlet to the F-R-L, 
use graph b-4. The 5-inch bore cylinder is cap- 
able of developing the required thrust while in 
motion. Since 24 inches in two seconds is 
equal to 60 fpm, read upward on the 60 fpm 
line to the intersection of the 5-inch bore 
diagonal line. Reading to the right indicates 


THIS GRAPH 1$ DETERMINED BY HAVING 


80 PSIG AVAILABLE UNDER FLOWING CONDITIONS. 
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that the required valve and speed controls 
must each have a Cy of over 1.9. 


Example 2: Assume similar conditions to Ex- 
ample 1 except that only 80 psig will be avail- 
able under flowing conditions. Using graph b-5, 
a 6-inch bore cylinder is indicated. Read up- 
ward on the 60 fpm line to the intersection 
point. Interpolation of the right-hand scale in- 
dicates a required valve and speed control Cy 
of over 2.8. 


Example 3: Assume similar conditions to Ex- 
ample 1 except that the load is being moved in 
a horizontal plane with a coefficient of sliding 
friction of 0.2. Only a 180-pound thrust is now 
required (900 lb. x 0.2). Consult graph b-4. 
The 2-1/2-inch bore cylinder will develop suf- 
ficient thrust, and at 60 fpm requires a valve 
and speed control Cy of about 0.5. 
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cylinder ports 


port sizes 


One of the factors involved in determining 
the speed of a hydraulic cylinder piston is 
fluid flow in connecting lines, generally 
measured in gallons per minute, introduced 
to, or expelled from, cap end cylinder port. (Due to 
piston rod displacement, the flow а head end port 
willl be less than at cap end.) Fluid velocity, 
however, is measured in feet per second. In 
connecting lines this velocity should generally be 
limited to 15 feet per second to minimize fluid 
turbulence, pressure loss and hydraulic shock. 


port location 

Standard port location is position 1, as shown 
in illustration b-3 below. Cushion adjustment 
needle and check valve are at positions 2 and 
4 (or 3), depending on mounting style. 


Ер 





"e 3 
HEAD (Вод) END 


illustration b-3 





1,2, Зог 4 


1, 2, Зог 4 


| тоз || 1,234 





Heads ог caps which do not incorporate mount- 
ing|can be rotated and assembled with ports 
90° or 180° from standard position. To order 
other than standard port location, specify by 
position number shown in table b-10 above, In 
such assemblies, the cushion adjustment needle 
and check valve rotate accordingly, since 
their relationship with port position does not 
change. 


Manifold Ports — Side mounted cylinders, 
can be furnished with the ЊЕНЕ ug ports ar- 
ranged for mounting and sealing to a manifold 
surface. The ports are drilled and counter- 
bored for O-ring seals which are provided. 





illustration b-4 





S.A.E. straight thread. 
illustration b-5 





Straight Thread Ports — The S.A.E. straight 
thread. O-ring boss is recommended for most 
hydraulic applications. It is the least prone to 
leakage and has the advantage of direction 
alignment before tightening. 
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This can happen due 
to over tightening, 


Tapered pipe thread port. 





. OAL. КЕЕЕ 
illustration b-6 


Standard Ports — NFPA standard cylinders 
are furnished with NPTF tapered pipe threads 
as standard. 


Oversize Ports — Oversize NPTF ports can be 
provided on more bore sizes. Welded port 
bosses, one size larger than the standard, are 
provided which protrude from the side of the 
head or cap. In addition, special heads or caps 
can be made thicker to accomodate larger 
ports. In these cases, application details 
should be supplied to the factory relative to 
speed, load conditions, pressure and circuitry 
details. 
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seals 


Combination rod sealing arrangements per- 
form dual functions. In (a), "V" packing re- 
duces leakage of pressurized fluid from cyl- 
inder. Wiper prevents foreign materials from 
being drawn into cylinder during return stroke 
of piston rod. Arrangement at (b) includes 
two synthetic-type seals in an assembly that 
can be removed from cylinder as a unit. Inner 
seal performs primary sealing function. Oil 
getting past primary seal is trapped in cavity 
formed by inner lip of outer seal and de- 
posited on rod for return to cylinder during 
return stroke. Outer lip of outer seal performs 
wiping function to exclude foreign materials. 


Primary 
Lipseal ® 








© 
СИ Nyo 





Parker Hannifin jewel gland. 
illustration b-8 


Buna N, fluorocarbon and polyurethane are the 
more popular materials used for cylinder seals. 
Of these, polyurethane has highest resistance 
to abrasion and a longest wear life than does 
Buna N. However, Buna N and polyurethane 
materials have temperature limitations of 
about 200°F. Other materials are required for 
applications where heat is a problem. 


Viton9 has good heat-resistant characteristics, 


ЭХА 
Yi '"Wiperseal'' 


to about 400?F. If higher heat resistance is 
necessary, Teflon® can be used. Teflon will 
withstand heat of approximately 500°F. How- 
ever, before using these seal materials, check 
with the individual manufacturer for his 
recommendations. 


Standard Seals — Class 1 Service Kits are 
standard, and contain seals of Nitrile (Buna 
N) elastomers for standard fluid service. 
These seals are suitable for use when air, 
hydraulic (mineral-type) oil, water-glycol fluid 
or water-in-oil emulsions are the operating 
medium. 


The recommended operating temperature 
range for Class 1 seals is +10°F to +1659Е. 
These seals will function at temperatures up to 
200?F with reduced life. 


Special Seals — Class 5 Service Kits contain 
seals of fluorocarbon elastomers (Viton®*) for 
special fluid service. These seals are especially 
suitable for most straight synthetic phosphate 
ester and phosphate ester base (fire-resistant) 
fluids. They can also be used when air, hy- 
draulic oil, water glycol or water-in-oil] emul- 
sions are the operating medium. 


The recommended operating temperature 
range for Class 5 seals. is +10°F to +350°F. 
These seals will function at temperatures up 
to +400°F with reduced life. 


To order Class 1 or 5, specify operating 
medium. 


* Registered. tradename of ЕЛ. duPont de Nemours and 
Са.. Ine. 


cylinder options 


the piston 

The piston, which is permanently locked to 
the piston rod, is of one-piece construction. It 
is pilot-fitted to the piston rod. This pilot ensures 
piston concentricity with the centerline of the 
piston rod. It has a wide surface contacting the 
cylinder body; this reduces bearing loads during 
mechanical deflection. It also has a long thread 
engagement to the piston rod to provide greater 
shock absorption. 


Iron piston rings are standard for hydraulic 
service and are furnished unless otherwise 
specified. (Clearance flow of 1 to 3 cubic 
inches per minute can be expected. | Parker 
Lipseal® piston construction is optional. It 
provides virtually zero leakage under static 


conditions, because the seals are fully dy- 
namic and self-compensating even with varia- 
tions in pressure, mechanical deflections and 
wear. The Lipseals have backup washers to 
prevent extrusion, and can be used in appli- 
cations up to 3000 p.s.i. hydraulic pressure. 
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For the requirement ЗАНДА К adjusting the 


stroke is specified some manufacturers have 
several designs to offer, one of which is illus- 
trated below (Ъ-9). This is suitable for infre- 
quent adjustment and is economical. 
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cushions 
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stepped floating cushions 
combine the best features 
of known cushion 
technology. 


а devices or built-in "cushions" are 
optional and can be supplied at head end, cap end, 
or both ends without change in envelope or 
ide = dimensions. Parker суше cushions 
are a 5tepped design and combine the best features 
of known cushion technology. 


Standard straight or tapered cushions have been 
used in industrial cylinders over а very broad 
range of applications, research has found that both 
designs have their limitations. 


As a result, Parker has taken a new|approach in 
cushioning of industrial hydraulic cylinders and 
for specific load and velocity conditions have been 
able to obtain deceleration curves that come very 
close|to the ideal. The success lies in а ера 
sleeve or spear concept where Ше steps are 
calculated to approximate theoreticallorifice areas 
curves. 


In the cushion performance chart, pressure traces 
show the results of typical orifice flow conditions. 
Tests of a three-step sleeve or spear shown three 
pressure pulses coinciding with the steps. The 
deceleration cushion plunger curves shape comes 
very close to being theoretical, with the exception 
of the last 1/2 inch of travel. This is a constant 
shape i in order to have some flexibility in applica- 
tion. The stepped cushion design shows reduced 
pressure peaks for most load and speed condi- 
tione with comparable reduction of dbjectionable 
stopping forces being transmitted to the load and 
the support structure. 
CUSHION PERFORMANCE 








TYPICAL STRAIGHT CUSHION 


IDEAL CUSHION 


-TYPICAL STEPPED 
CUSHION 


CUSHION PRESSURE 


CUSHION POSITION - 
arker Hannifin cushions. are adjustable 


All 
except those at head end of 1-1/2”, 2" and 2-1/2” 
bore size cylinders equipped with Code 2 diameter 
piston rods. On these three sizes a cushion at head 
end is supplied without cushion) adjustment 
needle or check valve, and is nonadjustable. The 
Series 2H cylinder design incorporates the longest 





cushion sleeve and cushion spear that can be 
provided in the standard envelope without de- 
creasing the rod bearing and piston bearing 
lengths. 

1. When a cushion is specified at the head end: 

a. A self-centering stepped sleeve is furnished 

. on the piston rod assembly. 

b. A needle valve is provided that is flush with 
the side of the head even when wide open, 
except in 10" and 12" bore models. It may be 
identified by the fact that it is socket- keyed. 
It is located on side number 2, in all 
mounting styles except D, DB, DD, JJ, HH 
and E. In these styles it is located on side 
number 3. 

c. A springless check valve is provided that is 
also flush with the side of the head and is 
mounted on the face opposite the needle 
valve except on mounting styles D, DB, DD, 
JJ, HH and E, where it is mounted on side 
number 3, next to the needle valve. 

It may be identified by the fact that it is 
slotted. 

d. The check and needle valves are interchan- 
geable in the head. 

2. When a cushion is specified at the cap end: 

a. A cushion stepped spear is provided on the 
piston rod. 

b. A "float check" self-centering bushing is 
provided which incorporates a large flow 
check valve for fast “out-stroke” action. 

с. А socket-keyed needle valve is provided that 
is flush with the side of the Gap when wide 
open. It is located on side number 2 in all 
mounting styles except D, DB, DD, JJ, HH 
and E. In these it is located on side number 3. 
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cylinder options continued 


PH stroke adjuster. 


SEAL FOR THREADS 1" & UP 
STOP PIN 
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J-WRENCH SQUARE 


SEAL FOR 
1/2 & 3/4 THREADS 


illustration b-9 


gland drain port 

A gland drain may be desirable on cylinders 
with exceptionally long stroke, or with re- 
stricted outlet port flow at the head end, or 
with constant back-pressure as in differential 
circuit applications. When specified, a 1/8" 
NPTF gland drain port between Lipseal® and 
Wiperseal can be supplied. 


air bleed 


When cylinders are mounted horizontally with 
inlet ports on top, or mounted vertically and 
cycled their full stroke, they are usually self- 
bleeding. On Hannifin 2H cylinders, vent 
screws for bleeding air can be provided when 
specified. They are added to both ends of the 
cylinder. To ensure proper location, the cyl- 
inder side (designated by side number refer- 
ence) should be specified on the order. 





When it is impractical to utilize vent screws 
in the cylinder body, vent ports can be pro- 
vided for remote air bleeding through tubing 
to a remote location. In this case, 1/8" NPTF 
ports are added to both ends of the cylinder 
body. Cylinder side (designated by side num- 
ber reference) should be specified on the order. 


water service modifications 
Standard — When requested, Parker-Hannifin 
can supply Series 2H cylinders with standard 
modifications that make the cylinders more 
nearly suitable for use with water as the 
fluid medium. The modifications include 
chrome-plated, stainless steel piston rod. On 
orders for water-service cylinders, be sure to 
specify the maximum operating pressure or 
the load and speed conditions. (These factors 
must be taken into account because of the 
lower tensile strength of stainless steels avail- 
able for use in piston rods.) 


Special — If required, special materials for 
any of the cylinder elements can be supplied. 
In these cases, consult the factory. 


Warranty — Parker-Hannifin will warrant 
Series 2H cylinders modified for water service 
to be free of defects in materials or work- 
manship. On the other hand, Parker-Hannifin 
cannot accept responsibility for premature 
failure of cylinder function, where failure is 
caused by corrosion, electrolysis or mineral 
deposits within the cylinder. 
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cylinder formulas 





[> A 





Cylinder Speed 





Cylinder Force cylinder speed in ft./min. = A 
924 x G.P.M. 
F-PxA Е = Force (165) cylinder velocity (in./min.) =————~,— 
E P = Pressure (psi) "xD 
= = i d 
P = A = Area (inches squared) Ч Ee жі ж БО 
à pn ` С '  Q31 x time in seconds 
F (cylinder stroke) 
A P 
ЖА Piston V ft./sec. = сарт. 
A = .7854 x D? 20x A 
1) - ' қ” > 
327 “т” b-17 
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applications of cylinders 
for providing a variety of fundamental mechanical motions. 






STRAIGHT LINE | 
THRUST INCREASED 


1ST CLASS LEVER 3RD CLASS LEVER | 


PRACTICALLY 
STRAIGHT LINE MOTION HORIZONTAL CONTINUOUS 
IN TWO DIRECTIONS STRAIGHT PUSH | PARALLEL MOTION ROTARY MOTION 


5 УРА ИРА 
FAST ROTARY MOTION аш и | —ÀÀ 
USING 4 POSITIVE POSITIONS MOTION TRANSFERRED 


STEEP SCREW NUT | WITH TWO CYLINDERS | TRAMMEL PLATE TO A DISTANT POINT 





ENGINE BEARING - 


— -- 
illustration b-10 








Toggle Mechanism In illustration b-11, cylinder thrust is horizontal 

For|operations such as coining and marking and toggle force is taken off vertically. Bear- 

requiring exact depth control, and Каш ings at each end of the toggle lever must be 

extremely high force for a very short distance, closely fitted and heavy enough to carry the 
the e lever system can be useful. l full toggle thrust. 

— - A calculation of toggle force can be made with 

Toggle the following formula, with T and F in the 

rie: same units, and А and B in the same units. 


Note that dimension А is not the lever length, 
but for high leverage toggle calculations it can 
be used for lever length, with only small error, 
since the lever is nearly vertical. 


CLEVIS MOUNT CYLINDER 


T (Toggle Force) = 2B 


Example: Find the toggle force from а cylin- 
der thrust of 8300 lbs., if the toggle lever is 
E 14 inches long and is 1/2 inch from vertical 
illustration b-11 (Distance В). 





mechanical motion continued 


Solution: T = 8300 x 14 + 2 x 1/2 = 116,200 
lbs. This is a multiplication of 14 times the dir- 
ect cylinder thrust. The remaining travel dis- 
tance of the toggle arm at any point in the 
cylinder stroke is twice the difference between 
distance A and the true length, pin-to-pin, of 
the toggle arm. Distance A can be found by 
geometry or from a scale layout. 


Thrust Exerted by a 

Cylinder Working at an Angle 

Cylinder thrust, F, is horizontal in this figure. 
Only that vector force, T, which is at right 
angles to the lever axis is effective for turning 
the lever. The value of T varies with the acute 
angle "A" between cylinder and lever axes. 


T Effective 
Thrust 








F 





Cylinder 
Thrust 


Angle А) 


CLEVIS MOUNT CYLINDER 


illustration b-12 


Determining Cylinder 

Stroke for Operating a Hinged 

Lever by the Chord Factor Method 

If the cylinder is rotating the lever to an equal 
angle each side of the perpendicular as in 
illustration b-13, the length of stroke can very 
easily be determined by multiplying lever length 
(pin-to-pin) times the chord factor from table 
b-12. If the movement is not equal on each side 
of the perpendicular, the stroke may be deter- 
mined by using another example shown in this 
section. 





CLEVIS MOUNT CYLINDER 


illustration b-13 





table 
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To calculate T, multiply cylinder thrust times 
the power factor taken from table b-11 be- 
low. 


Example: A 3.25-inch bore cylinder working 
1000 p.s.i. gauge pressure will develop a 8300 
lb. thrust (8.294 in. area x 1000). Effective 
thrust when working at a 65? angle is: 8300 
x 0.906 (from table 10) = 7519.8. 


power factor table 


PWR. FACTOR | ANGLEA, |PWR.FACTOR 
(SIN A) DEGREES (SIN A) 
50 
55 









ANGLE A 
DEGREES 
5 
10 


15 
20 


table b-11 


Example: The cylinder stroke needed to swing 
a 15-inch lever through a 120 degree arc, 
when mounted as in illustration b-12, is found 
by taking the factor 1.732 (from table b-12) 
times 15 (lever length) = 25.98" (stroke length]. 
Many times a stock cylinder with standardized 
stroke length can be used by lengthening or 
shortening the lever arm for the desired travel. 


b-12 
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mechanical motion continued 
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Cranes and Beams 

Because crane working angles, constantly 
change, constructing a rough model on paper 
is oflen necessary to show the point at which 
the greatest cylinder thrust is needed. An 
exact calculation can then be made. 


Only the portion of cylinder thrust at right 
angles to the beam axis is effective for turn- 
ing the beam. This can be calculated by the 
method shown below. 


Example: Find the maximum load that can be 
lifted by the crane when the angles are as 
shown, and the cylinder thrust, F, is 19635 lbs. 
Translate the 19635 Ibs. cylinder thrust into F1, 
9817,5 lbs. at right angles to the beam, using 
the power factor of 0.500 lbs. [ога 30? angle 
from table b-12, page b-19. Next, translate this 
іо Ег, 3272.5 lbs. thrust at the weighted end of 


= = 9817.5 
1 






illustration 0-14. 


A method of solution is to use Ше principle of 
moments. А moment is a torque force consist- 
ing of (so many) pounds applied at a lever dis- 
tance of (so many) feet or inches. The solution 
here is to find how much cylinder thrust 13 
needed to just balance the beam. Then by in- 
creasing the hydraulic cylinder thrust about 10 
to 15% to take care of friction) losses, the 
cylinder would be able to raise the beam. 


Using the principle of moments, it is necessary 
to calculate all of the moment forces which are 
trying to turn the beam clockwise, then cal- 
culate all the moment forces trying to turn the 
beam counter-clockwise, then subtract the 








illustration b-15 


the beam. This is done with simple proportion 
by the length of each arm from the base pivot 
point. Ег is 1/3 Fi, since the lever is 3 times as 
long. Then, using the power factor table b-12, 
find the maximum hanging load that can 
be lifted at a 45? angle between beam and 
load weight. 


Calculations for Heavy Beam 

With heavy beams, it is necessary to take into 
account the weight of the beam itself. If the 
beam is distributed uniform in weight across 
its length, the calculation is relatively easy. In 
illustration b-15 the beam has a uniform weight 
of 90 pounds per foot. It is partially counter 
balanced by a load weight of 400 pounds on 
the left side of the fulcrum, and must be raised 
by the cylinder force applied at a point 9 feet 
from the right side of the fulcrum. 


5 ft. 15 ft. 


Beam 
Weight 


450 Lbs. 


two. In this case they must be equal to balance 
the beam. 


Clockwise moment due to the 15 feet of beam 
on the right side of the fulcrum: This can be 
considered as a concentrated weight acting at 
its center of gravity 7-1/2 feet from the ful- 
crum. Moment = 90 (lbs. per foot) x 15 feet х 
7-1/2 feet = 10125 foot pounds. 








Counter-clockwise moment due to the 5 feet of 
beam on the left side of the fulcrum: 90 (lbs. 
per foot) x 5 feet x 2-1/2 feet (CG distance] = 
1125 foot pounds. 


Counter-clockwise moment due to hanging 
continued on page b-24 
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mechanical motion continued 


rotary motion 


cylinders 


Torque = 4F x А 


Е = Force 
В = Radius 
T = Torque 


Problem: AES 
= v P. 

„е 1 < ? Porque required = 2000 Ib. ft 
5 ft. 
4FxR 
I 
AR 
2000 Ib. ft. 

4х.5 

1000 15. Force 


Use 1- 1/2 inch bore cylinders operating at 600 psi. 





illustration b-16 
second class lever Formula: 
Есозф х (d, + до) соѕ0 = Load x dcosô 
Есавф (d, + 92) = Load x d, 


Есо5ф (d t d4) 
- d, 


L 


For ф less than + or 15°, cos = 1 


F(d, +d) 
.. Load = — = 
1 
ф = angle between the vertical and the line of action 
of the cylinder. 

Problem: 
ЯС ENTER PP ‘SAS UPA. 

APRI E КА 
20 in Bldg. No 2R a j^ % Hado пт ли v 


F (d, + dq) SAD РАЧА д, Hi | 
Beye 30 


d; F = 133316. Force 
Select a pressure of 500 psi. 


F 
1333 


Use standard 2 in. bore cylinder. 





illustration h-17 
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Formula: 


As long as the applied force is less than 15° from the 
normal to А. 


Problem: 
8 in. 
12 in. 


10,000 Ib. 
Fd, 


d2 

Force 

Ld; 

dı 

10,000 x 12 


8 
F 15,000 Ib. Force 


Е = 


Select 4 in. bore cylinder with cross sectional area of 
12 in? operating at less than 1500 psi. 


illustration b-18 | | 


Formula: 
FsinB x dicos = [ (41 +d) cos 
FsinBxd; = Ё(9, + 92) 
Еѕіп3 x di 
d; + 02 


L 


Where В in minimum angle between center line of cy- 
linder and the horizontal. 


Problem: 


15 in. 

60 in. 

1000 Ib. 
- 45 

Fsinf x d, 


d; + 45 
Force 
L (d, + 42) 


Sing x dy 
1000 (75) 


707 x 15 
F 7071 Ib. Force 
Cylinder operating at 1000 psi. would require an area 
of 7 in.? 


Use standard 3 1/4 in. bore cylinder. 


F = 


illustration h-19 
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first class lever 


Formula: 


Е соѕф x d, cos? = Load x d; со50 
Е соѕфх dı =L xd; 


Where 0 is between +15-> -15 of the vertical, созф is 
approximately - 1 


СЕ = g, 


Problem: 
Ld; 
2 1/2 in. bore cylinder =_= 
d; = біп. Т 
02 = 10 =. 
u 0 - 30 БЕГЕН 
dud шн {е cn = 3600 Force 
: | іа.” 
411 P вото та | | m 
Bid No 2 Raja Саһа? nf.t à £t Kha + га 
4. 


sADBAR KARACHI Lda = Fd, 


Formula: 
Fcosß x dı cos? = L x do cosó 
Ғсоб8 xdi =Lxdo 
Fcosp x dy 
1----- 
d, 


Problem: 

800 ib. Force 
20° 
10 in. 
30 in. 
FcosB x dı 

_ — 

L x 92 


cos) x d, 
800 x 30 


.939 x 10 
2554 Ib. Force 


Use 2 1/2 in. bore cylinder operating at approximately 
500 psi. 





illustration b-21 
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— motion continued 






toggle variation 


Formula: 


F 
Load = sin 
i 2с050 B 


Load, = Load, 


Ө between 30° -- 60° 
В between 30^ -- 60° 


Problem: 


Load is 500 pounds on both sides, therefore, total load 

is 1000 pounds. 

0 - 45 

В = 45 
Fsin 

1 = В 
22050 
1 2с050 

сіп 


7 
2x1000x-/ 2000 ib. force 


F = 
Use 1 in. bore cylinder with a cross sectional area of 


. 2 а А 
: t less than 1000 psi. 
illustration b-22 about 1 in.” operating at less than ps 


























wei ін of 400 pounds: 400 lbs. x 5 feet = 2000 
foot pounds. 


Subtracting counter-clockwise from clockwise 
moments: 10125 - 1125 - 2000 = 7000 foot 
pounds that must be supplied by the cylinder 
for balance conditions. To find cylinder thrust: 
7000 foot pounds -- 9 feet (distance from ful- 


crum) = 777.77 pounds. 
| | Rolling Load 
Note: When working with moments, that only тот 8-23 


the |portion of the total force which is |at 
right angles to the beam is effective as a mo- 
ment force. If the beam is at an angle to the 
cylinder or to the horizontal, then the effective 
portion of the concentrated or distributed 
weight, and the cylinder thrust, gan be calcu- 
lated with power factors by the method shown 
in this section. 


Cylinders Moving Horizontal Loads 

Rolling Loads — A cylinder thrust of 1/10 the 
load weight will move loads which operate on 
low-friction needle, roller, or ball bearings. 


An air cylinder with meter-out flow controls 
can be used on some applications, even at 
slow feed rates. Attention should be given to 
deceleration at the end of cylinder stroke to 


Sliding Load 
illustration b-24 








mechanical motion continued 


prevent momentum of the load from damag- 
ing the cylinder and/or the machine. 


Sliding Loads — Either air or hydraulic cyl- 
inders can be used for moving high friction 
sliding loads. (illustration b-24, page b-24). 


On applications that require rapid indexing 
from one positive stop to another, an air cyl- 
inder will give more rapid action than hydrau- 
lics if the load is within its capacity. Air 
cylinders should not be used for slow speed or 
controlled feeding of a sliding load with a 
large area of surface friction, as a chattering 
motion will result. Hydraulic cylinders with a 
meter-out flow control should be used in 
these applications. In some instances an 
air/oil system will also give acceptable 
performance. 


The force needed to push a sliding load varies 
with surface material, lubrication, unit load- 
ing and other factors. For lightly lubricated 
machined slides, the cylinder thrust should be 
equal to 1/2 to 3/4 of the load weight to get 
the load started. A thrust of 1/5 to 1/6 load 
weight will keep it moving. 


To operate an air cylinder at high speeds, 
the cylinder should be sized to develope twice 
the thrust needed to balance the load. 


Cylinders for Lifting 

Differential Lift — Where overhead clearance 
is not sufficient for a direct lift, a differential 
lift is sometimes an ideal solution. A shorter 
length, larger diameter cylinder is usually best 
in this application. 


The arrangement illustrated will give a 2:1 
mechanical reduction. Size the cylinder with 
twice the piston area and half the stroke need- 
ed for a straight lift of the same load. 


Possible side thrust from the cylinder is pre- 
vented by running the pulley attached to the 
cylinder rod in horizontal guides. 


In addition to needing less head room, this 
arrangement allows the cylinder to work on 
full piston area, and the rod packings are not 
subjected to high pressure. 


Vertical Lifting — Air cylinders used to lift a 
load must always be sized to exert a force 
greater than the weight of the load. An air cyl- 
inder which exerts a 500 Ib. force can support 
а 500 lb. load, but cannot move it. For normal 
applications, an air cylinder should develop 
25% more thrust than needed to support the 
load. Twice the force needed to support the 
load is required for fast operation. 


A hydraulic or air/oil system must be used if 
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Vertical Lift 
illustration b-25 


| hinged lever 
TENDED LENG 
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CLEVIS MOUNT CYLINDER 


illustration b-26 





the cylinder is to be stopped at an inter- 
mediate point for loading or unloading. 


Determining Cylinder 

Stroke for Operating a 

Hinged Lever Pushing at an 

Angle by the Scale Layout Method 


In all cases a sketch should be made, showing 
the length and angular travel of the lever, and 





cylinders 
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пити пи motion continued 


showing the mounting position of the cylinder. 


If desired, an exact solution can be worked out 
by mathematics. 


For those not familiar with mathematical 
methods, an easy solution is to lay put all parts 
to exact scale, either to full or reduced size. 
Pin-to-pin centers on the proposed cylinder 
can |be obtained from the manufacturer's 
drawings. 


A ruler, tape, or scale can be used to measure, 
the distance from the cylinder rear hinge to 
the starting and ending points of the lever 
travdl. These will be the retracted and extend- 


ed cylinder lengths. The travel of the cylinder 
piston (or stroke) will be the difference bet- 
ween these two measurements. 


It may be necessary to experiment with dif- 
ferent hinge locations until the best mounting 
position for the cylinder can be determined. 


For a given amount of angular travel, the 
longest cylinder stroke is required when the 
cylinder is mounted at right angles to the lever 
center position as illustrated in this hand book. 
АП other cylinder mounting locations will 
need a shorter stroke. 





cylinder circuits 


description 


Mechanical Connection 

Actuator will keep in step if mechanically can- 
nected via cross head (1) which has its own 
guides or bearings. 


Rack and Pinion 

By using a rack and pinion mechanical con- 
nection any error will be corrected through 
the mechanism. 


Note: The cross shaft must be of sufficient 
strength to transmit maximum load. 


circuit b-1 





circuit b-2 
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cylinder circuits continued 


Series Actuators 

Identical double rod actuators can be used, 
but any error due to leakage may be accumu- 
lative. 


cylinders 


Note: Air bleeding is essential. 
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Series Actuators 

With Correction Device 

In order to ensure repeatability the "locked" 
portion of the circuit is opened to tank at the 
end of a stroke to allow any error to be cor- 
rected (actuator to complete its stroke or re- 
charge itself) selection of movement closes 
pilot operated check valves. 


— í— ee ше ee ee зае гала. — пас ае 


circuit b-4 


TET 





Matched Flow Controls 

By metering the fluid to and from the actuator 
by matched flow control valves (C-1andC-2) 
then uniform speed could be obtained. Speed 
would vary with load and viscosity (within the 


accuracy of the flow control valves). J 
If one actuator stalled then maximum out of th >< 
step could prevail. == a 
E 

тени b-5 
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cylinder circuits continued 


description | 


Coupled Motors 

Тһе metering of flows Бу coupled fluid motors 
gives a degree of control similar to “match- 
ed pump” control. It will meter in and out and 
if one actuator stops then the other will tend 
to stop. 


circuit b-6 





Flow Dividing Valves 

These valves can be used to select any "com- 
bination” or division. (ie. 1:1, 2:1, 311). 

It requires check valves around it to give free | 
flow in opposite direction. | 


It can only be used on flows equal to or above | 
Ше valve setting. No positive control is pos- | 
sible if flow drops. Internal leakage permits 

actuator to complete stroke if necessary. This | 
means that maximum force out df balance сап | 
prevail. | 
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regenerative circuits 


The basic principle of regneration is, by use of 
suitable valving, connect the rod end of the cyl- 
inder with the blind end, so the oil which nor- 
mally would flow to tank from the rod end will 
join the pump oil causing the cylinder to ad- 
vance at an increased rate of speed. 


During regeneration equal pressure is applied 
to both sides of the cylinder piston, the net 
thrust delivered by the rod will be the same as 
if the effective pressure were applied only to 
the rod area. So, force during regeneration, 
calculations are: thrust = system pressure x 
rod area (square inches). 


The return oil from the rod end fills up an 
equivalent volume on the cap side of the piston, 
so the pump volume need only fill up a space 
equivalent to the volume of the rod. To calcu- 
late rod speed, take the pump volume, in cubic 
inches per minute, and divide the rod area (in 
square inches) into the cubic inches per min- 


circuit b-8 

The regeneration in this circuit is accomplished by energiz- 
ing (V!) which opens pilot operated check valve (PO1) or 
returns the cylinder by opening (PO2) when the accumula- 
tor is charged the system is unloaded through the differential 
unloading relief valve. (V?) 


Consideration When 

Using Regenerative Circuits 

1. In a regeneration circuit, the force generat- 
ed will be that of system pressure acting only 
on the rod area. The remainder of the piston 
area is concelled out by an equal and oppos- 
ing pressure acting on the piston area on the 
rod side. 


2. When the full thrust of the cylinder is re- 


ute. This will give you speed in inches per min- 
ute. 


Calculate rod speed as in cylinder speed. To 
find oil flow at Point "A" in circuit b-10, cal- 
culate how much oil will have to flow to make 
the piston travel at this calculated speed. This 
will be speed (inches per minute) x piston area 
(square inches). Convert to GPM by dividing 
by 231 (cubic inches to the gallon). To find the 
oil flow at Point "B" in circuit b-10, take the 
result and subtract the pump volume from it. 


EXAMPLE: Assume a system pressure of 1500 
PSI, pump volume of 9 GPM, piston diameter 
8", rod diameter 6". Force = 28.27 square in- 
ches (rod area)x 1500 PSI = 42,405 Ibs. Speed 
= 9 СРМ x 231 (си. ins./gal.) : 28.27 square 
inches = 74" per minute. Oil flow at "A" = 74 
х 50.3 (piston area) =: 231 = 16.1 GPM. 
Oil flow at “В” = 16.1 - 9 СРМ (гот pump) = 
7.1 gpm. 
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quired, the pressure оп the rod end must be 
valved and connected to tank. 


3. Regeneration is mainly used with large rod 
cylinders, 2:1 (piston to rod area ratio). If used 
with small rod cylinders, the extending speed 
is sometimes too great, the thrust too small, 
and the return speed is too slow. 


4. When a 2:1 ratio cylinder is retracting, dis- 


ескі 
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regenerative circuits continued 


charge oil velocity from the blind end of the 
cylinder is twice the velocity of the oil from 
the pump. Select pipe and valving large 
enough to handle this volume. 


5. With 2:1 ratio cylinders (usually used in re- 
generative circuits), pressure Mo acad ion 
occurs in the rod end during the forwa ird 
stroke if the discharge oil is restricted or bloik 
ed. A safety relief valve should be installed|in 
the rod end if intensification could endange 
the the yjlinder or plumbing. 


he regenerative portion of the cycle| i 
usually for moving the machine member rap 
ly into working position. The actual thrust i 
quired is slight. e 


7. When large rod cylinders are| used in 

gen rative circuits, the oil level in the reser- 
voir will fluctuate more than for small rod cyl- 
inders. Make sure the reservoir is large enough 
so the oil level will not drop dangerously low 
as to cavitate the pump as the cylinder extends. 


ix ES | 
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circuit b-9 


Shifting the 4-way to Position 1 causes the cyl- 
inder to start extending. A regenerative cir- 
cuit is one which discharge oil from rod end 
passes through check valve V-3 and joins sys- 
tem oil to the cap end of the cylinder. Circuit 
regenerates until or unless work resistance 
builds up on pilot of V-4 causing it to shift. 
Rod oil then goes directly to tank and cir- 
cuit becomes nonregenerative and capable of 
developing full tonnage. 


Shifting the 4-way to Position 3 causes the cyl- 
inder to retract, and for pump oil to pass 
through check valve V-2. Valve V-4, with no 


ee mm 


pilot pressure, closes, preventing pump oil 
from by-passing to tank. 


If it is desired to keep the cylinder from mov- 
ing by gravity, a counterbalance valve should 
be added at Point X. The pilot valve must be a 
spool-type having better throttling character 
than a poppet type. 


The Directional Valve has a closed center 
spool. It could be any other spool center which 
isolates cylinder ports from the pump in the 
neutral position such as a tandem center spool 
for unloading. 





circuit b-10 


In b-10, the 4 way valve is standard 4-way with 

“CYL 2” port plugged and cylinder connected to 
“CYL 1” port. A1/4" sequence valve with internal 
free flow check is connected for internal pilot, 
external drain. A standard 4-way, pilot operated, 
with “CYL 2” plugged, can have about half the 
capacity of the 3 position 4-way valve. 





circuit b-11 


In b-11 solenoid control of regenerative forward, 
normal forward, reverse, or stop, in the cylinder 
stroke. 


Energize Solenoids 1 and 3 for regenerative 
forward, Solenoid 1 only for normal forward, 


(HEAD END) 


regenerative circuits continued 


Solenoids 2 and 4 for retract. De-energize all 
solenoids for stop. 


In b-12 the spool of the directional valve has both 
cylinder ports connected to the pressure port when 
it is in center position. This is the regenerative 
position. The side position of the directional valve 
are normal extend, and retract. 


А regenerative circuit is used to cause a cyl- 
inder to advance faster than it could with the 
pump volume alone. It can only be used to ex- 
tend a cylinder — never to retract it. 
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operating principles and construction 


CYLINDER BODY SEALS 


FLOATING CUSHION SLEEVE 
PISTON ROD 


FLOATING CUSHION 
BUSHING 





CASE HARDENED AND xc e STEEL CAE 
CHROME PLATED 7 
EMOV E са 574 АЕ N ы ЕЕ ~ 
ROD GLAND | GN mmm с TARE М 
ап 2 Уу TWN “Uy Ж Баш G 
Cerys NM A Е 





FLUSH CUSHION 
CHECK VALVE 


| STEEL 
HIGH STRENGTH CYLINDER BODY 


STEEL TIE RODS 


typical cylinder construction 


illustration b-27 


cylinder operation 

Cylinders are used in the majority of applica- 
tions to convert fluid energy into straight line 
motion. For this reason, they are often called 
linear actuators. 


Cylinders are manufactured in a variety of 
diameters, stroke lengths, and mounting 


styles. They may be classified, according to 
construction, into four types; tie-rod, threaded, 
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CAST IRON 
PISTON RINGS 


/ 


"ALIGN-A-GROOVE'" N 
FLUSH CUSHION 


ONE PIECE ADJUSTING 
PISTON NEEDLE VALVE 
PERMANENTLY 


LOCKED TO ROD 


welded, and flanged. Cylinders are also made 
using retaining rings. 


2 
Area = = or Area = .7854 x D? 


When calculating force developed on the 
return stroke, pressure does not act on the rod 
area of the piston, therefore the rod area must 
be subtracted from the total piston area. 
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operate principles and construction continued 


basic construction 

The major components of a cylinder are the 
head, cap, tube tie rods, piston, piston rod, rod 
bearing and seals. 


Cylinder Heads and Caps are usually made 
from rolled steel or cast iron. Some are also 
from aluminum or bronze. 


Cylinder Tubes are usually brass, steel or 
aluminum. The inside, and sometimes the out- 
side, is plated er anodized to improve wear 
characteristics and reduce corrosion. In some 
applications, cylinder tubes can also be made 
of fibreglass. 
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illustration b-28 


Pistons vary in design and materials used. 
Most are made of cast iron or steel. Several 
methods of attaching the piston to the rod are 
used. Cushions, are an available option on 
most cylinders and most often, can be added 
ии no change in envelope dimensions. 


| fundamental cylinders 


SINGLE ACTING DOUBLE ROD 
TELESCOPE TANDEM 





| STANDARD 
DOUBLE ACTING 


RAM TYPE 





illustralion b-29 


Piston Rods are generally high strength steel, 
case-hardened, ground, polished and hard 
chrome plated for wear and corrosion resis- 
tance. Corrosive atmosphere conditions usual- 
ly require rods of stainless steel, which may be 
chrome plated for wear resistance. 


Rod Glands or Bearings are used on the head 
end of most industrial cylinders to support 
the piston rod as it travels back and forth. 
The gland also acts as a retainer for the rod 
packing or seals. Most are made of ductile 
iron or bronze.and usually аге removable with- 
out disassembling the entire cylinder. 


The gland usually contains a piston rod wiper 
or scraper on the outboard side to remove dirt 
and contamination from the rod, and prevent 
foreign material from being drawn into the 
packings. A primary seal is used to seal the 
cylinder pressure. 


The gland usually contains a piston rod wiper 
or scraper on the outboard side to remove dirt 
and contamination from the rod, and prevent 
foreign material from being drawn into the 
packings. A primary seal is used to seal the 
cylinder pressure. 


Seals are generally made from Nitrile or fluoro 
carbon elastomers, polyurethane, lether or 
Teflon. Commonly used seal shapes are 
shown in illustration b-8. The Lipseal9 shape is 
commonly used for both piston and piston rod 
seals. Generally, O-Rings are used for static 
applications such as head to tube, piston to 
rod, and head to gland. Gup or V-packings are 
used for sealing piston and piston rod. Piston 
rings are usually cast iron. 




















Tie-Rods are usually high tensile steel with 
either cut or rolled threads, prestressed during 
assembly. Prestressing with proper torque 
prevents separation of parts when subjected to 
pressure and reduces the need for locknuts, al- 
though locknuts are sometimes used. 
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fundamental cylinders continued 


Standard Double-Acting. Power stroke is in 
both directions and is used in the majority 
of applications. 


Single-Acting Cylinder. When thrust is need- 
ed in only one direction, a single-acting cylin- 
der may be used. The inactive end is vented to 
atmosphere through a breather/filter for pneu- 
matic applications, or vented to reservoir 
below the oil level in hydraulic application. 


Double-Rod Cylinders. Used when equal dis- 
placement is needed on both sides of the 
piston, or when it is mechanically advantage- 
ous to couple a load to each end. The extra 
end can be used to mount cams for operating 
limit switches, etc. 


Spring Return, Single-Acting Cylinders. Usual- 
ly limited to very small, short stroke cylinders 
used for holding and clamping. The length 
needed to contain the return spring makes 
them undesirable when a long stroke is 
needed. 


Ram Type, Single-Acting Cylinders. Contain- 
ing only one fluid chamber, this type of cyl- 
inder is usually mounted vertically. The 





cylinder application 


causes of cylinder failure 

Standard cylinders are not designed to take 
piston rod side loading. They must be care- 
fully and accurately mounted so the rod is not 
placed in a bind at any part of the stroke. In 
many cases the cylinder must have a clevis or 
trunnion mount to allow it to swing as the dir- 
ection of the load changes. Use guides on the 
load mechanism, if necessary, to assure that 
no side load is transmitted to the cylinder rod. 


Rod Buckling 

Column failure, or the buckling of the rod, 
may occur if the cylinder stroke is too long in 
relation to the rod length to rod diameter. The 
piston rod-stroke selection graph 1 [page b-5] 
will give the minimum safe rod size for normal 
applications. 


Rod Bearing Failure 

Rod bearing failures usually occur when the 
cylinder is at maximum extension. Failure 
occurs most often on hinge or trunnion mount 
cylinders, in which the rear support point is 
located considerably behind the rod bearing. 
Where space permits, order cylinders with 
longer stroke than actually needed. Do not per- 
mit the piston to approach close to the front 
end under load. 
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weight of the load retracts the cylinder. They 
are sometimes known as "displacement cyl- 
inders", and are practical for long strokes. 


Telescoping Cylinders. Available with up to 4 
or 5 sleeves; collapsed length is shorter than 
standard cylinders. Available either single or 
double-acting, they are relatively expensive 
compared to standard cylinders. 


Tandem Cylinders. A tandem cylinder is 
made up of two cylinders mounted in line with 
pistons connected by a common piston rod 
and rod seals installed between the cylinders 
to permit double acting operation of each. 
Tandem cylinders allow increased output 
force when mounting width or height are 
restricted. 


Duplex Cylinders. A duplex cylinder is made 
up of two cylinders mounted in line with pis- 
tons not connected and with rod seals install- 
ed between the cylinders to permit double act- 
ing operation of each. Cylinders may be 
mounted with piston rod to piston (as shown) 
or back to back and are generally used to 
provide three position operation. 
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On applications where it is necessary to allow 
the piston to “bottom out” on the front end, 
cylinders may be ordered with a stop tube. 
The stop tube should especially be considered 
on long strokes if the length between supports 
exceeds 10 times the rod diameter. 








illustration b-30 





SONNY ENTERPRISE! 


cylinders 


ҰРА WY 


Bidg. No 2 Која Ghaz nír an K^ n ге « 


b-33 


fluid power 






cylinder application continued 


Tension and Compression Failures | 
Standard cylinders are designed with suffi- 
ill never Т" 


either іп compression or tension, if the cyl- 
inder is operated within the pressure rating of 
the manufacturer. 








ciently large piston rods. They 





short 
noncenterline 
mounted cylinders 


Relatively short, fixed noncenterline mounted 
cylinders can subject mounting bolts to large 
tension forces which, in combination with 
shear forces, overstress the bolts. Condition 
shown for a cylinder rod extending against a 
load illustrates manner in which tension is 
developed in rod end head mounting bolts. 
Load with rod extending, pounds Note from formula that, for a constant load, 
Distance from mounting surface to tension increases with decrease in distance (L) 
cylinder centerline, inches between rod and blind end head mounting 
Distance between centers of rod and bolt centers. Similar analysis can be applied to 
blind end head mounting bolts, inches determine stressing of blind end head mount- 
Shear forces | | ing bolts by substituting for load (Е) the rod 
Tension in rod end head mounting tension force developed during retraction, and 
bolts, pounds by equating moments about point (B) to zero. 
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illustration аза illustration b-33 
In applications involving large forces, cylin- Use of noncenterline type cylinder mountings 
ders with noncenterline type mbuntings lend may require strengthening of machine 
to sway under load. members to resist bending under load. 
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cylinder application continued 


long cylinders/spreader type tie rods 
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illustration 6-34 


cylinders using dowel pins 
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illustration 5-35 


Cylinders that are pinned т place to Бер se- 
cure alignment and resist shock loads should 
be pinned at either end, (a). Choice of end 
depends upon direction of major shock load. If 
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cvlinders 


Relatively long cylinders with fixed mount- 
ings often require additional supports to pre- 
vent excessive sag or vibration. Arrangement 
at (a) uses an extra mounting block located 
midway along cylinder body. At (b), spreader- 
type tie rods are used to increase rigidity in 
center portion of cylinder. Where one end of a 
cylinder must be overhung, as at (с), an addi- 
tional supporting member can be provided. 
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WRONG — Never pin across corners 





dowel pins are used across corners, (Ъ), cylin- 
der may be warped by operating temperatures 
and pressures or shock loads. 
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cylinder misalignment 
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illustration b-36 


work slides can be of two types. The cylinder 


Misalignment of fixed-mounted cylinders with 
can| tolerate slight misalignment that іп- 
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creases with stroke, (a). It cannot operate 
properly with constant misalignment, (b). 


cylinder misalignment correction 


Sometimes a relatively long-stroke cylinder 
can be made somewhat self-aligning by allow- 
ing the rod end head to float. In arrangement 
shown, holes in the side lugs at the rod end 
cylinder head permit some movement of front 
of cylinder with respect to dowel pins. Cyl- 
inder body flexes slightly about fixed rear 
mounting. 


cylinder misalignment/ 


self-adjusting rod end 


Type of rod end connection shown—generally 
considered to be self-aligning—can introduce 
side load on a cylinder. During extension, pis- 
ton rod end may follow cylinder centerline be- 
cause of resistance of machine member and 
friction at connection. During reversal, how- 
ever, load is relieved momentarily and rod end 
can drop to lower position. On return stroke, 
side load—equal to product of coefficient of 
friction at connection and horizontal pull force 
—is set up. 
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shear key mounting 


Shear key 
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trunnion mounting 
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illustration b-40 


Trunnions for pivot-mounting of cylinders are 
generally designed to resist shear loads only, 
(а). Use of self-aligning bearings that have 
small bearing areas acting at a distance 
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Shear keys are often used to absorb shear 
forces developed at cylinder mounting sur- 
faces. Proper placement of shear keys de- 
pends upon direction of major load, (a). Shear 
keys should never be mounted at both ends of 
a cylinder, (b). Otherwise, shock-absorbing 
capabilities of cylinder elasticity can be lost, 
and changes in cylinder length due to tempera- 
ture and pressure effects can cause trouble. 
Manufacturing tolerances for similar compo- 
nents could also make replacement difficult 
with such arrangements. 
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from the trunnions and Ше cylinder head intro- 
duce bending forces that can overstress the 
trunnions, (b). 
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trouble shooting cylinders 
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Cylinder Drifts 

1. Piston seal leak. (Pressurize one side of cyl- 
inder piston and disconnect fluid line at op- 
posite port. Observe leakage. One to three 
cubic inches per minute is considered normal 
for piston rings. Virtually no leak with soft 


seals on piston. Replace seals as required.) 


2. Other circuit leaks. (Check for leaks thru 
openating valve and correct. Correct leaks|in 
connecting lines.) 


3. Open center valve with conventional single 
rod cylinder will creep if restriction on tank 
port is sufficiently high. Use tandem type 
valve spool configuration or spool with pump 
dumped through one cylinder port with the 
other blocked. 


4. Closed center valve can cause similar re- 
sults except creep will be according to the 
amount of clearance flow in the valve. Proper 
notching of valve spool can prevent building 


up pressure in cylinder lines between cycles. 


5. Spools with pressure blocked and cylinder 
ports completely relaxed will also prevent 
drift if the moving element is not affected by 
gravity or vibration. 


6. Pilot operated check valves can positively 
lock fluid in cylinder lines. Care must be exer- 
cised to insure adequate pilot pressure when 
rod differential may cause intensification. 


Cylinder Fails to Move the 

Load When Valve is Actuated 

1. Pressure too low. (Check pressure at cyl- 
inder to make sure it is to circuit seen) 


ments.) 


2. Piston seal leak. (Operate valve to cycle 
cylinder and observe fluid flow fat valve ex- 
haust ports at end of cylinder stroke. Replace 
seals if flow is excessive.) 


di Cylinder is undersized for load. (Replace 
cylinder with one of a larger bore size.) 


4. Piston rod broken at piston end. (Disas- 
ии У and replace piston rod.) 


5. Contamination in hydraulic system result- 
ing in scored cylinder bore. (Disassemble and 
replace necessary parts.) 


Erratic or Chatter Operation 
1. E cessive friction due to load misalignment. 
(Correct cylinder to load alignment.) 


2. Cylinder sized too close to load require- 
ments. (Reduce load or install larger cylinder.) 


3. Large difference between static and kinetic 
friction. (Install speed control valves to pro- 
vide back pressure to control stroke.) 


Excessive or Rapid Piston Seal Wear 

1. Excessive back pressure due to over-adjust- 
ment of speed control valves. (Correct valve 
adjustment.) 


Cylinder Body Seal Leak 
1. Loose tie rods. (Torque tie rods to manu- 
facturer's recommendations for that bore size.) 


2. Excessive pressure. (Check maximum pres- 
sure rating on cylinder nameplate or vendor 
product catalog. Reduce pressure to rated 
limits. Replace seal and retorque tie rods as in 
paragraph 1. above.) 


3. Pinched or extruded seal. (Replace cylinder 
body seal and retorque tie rods as in para- 
graph 1. above.) 


4. Seal deterioration [soft or gummy]. (Check 
compatibility of seal material with lubricant 
used if air cylinder or operating fluid if hy- 
draulic cylinder. Replace with a seal which is 
compatible with lubricant or operating fluid.) 


5. Seal deterioration [hard or loss of elasti- 
city]. (Usually due to exposure to elevated 
temperature. Shield by shielding cylinder 
from heat source. Replace seal as in para- 
graph 1. above.) 


6. Seal deterioration [loss of radial squeeze 
due to flat spots or wear on O.D. or I.D.]. 
(Can occur as normal wear due to high cycle 
rate or length of service. Replace seal as in 
paragraph 1.) 


Rod Gland Seal Leak 

1. Torn or worn seal. (Examine piston rod for 
dents, gouges or score marks. Replace piston 
rod if surface is rough.) 


Check gland bearing for wear. If clearance is 
excessive, replace gland and seals. 


2. Seal deterioration [soft or gummy]. (Repeat 
cylinder body seal leak paragraph listing 4.) 


3. Seal deterioration [hard or loss of elasti- 
city]. (Repeat cylinder body seal leak para- 
graph listing 5.) 


4. Seal deterioration [flat spots оп 104. (Re- 
peat cylinder body seal leak paragraph listing 
6.) 
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electric motor horsepower 
ELECTRIC MOTOR HORSEPOWER ПЕРО ЛЕРИ то DRIVE А HYDRAULIC PUMP 


300 400 1000 2000 r3 3000 
PSI PSI _ PSI PSI 20 PSI 

















The table c-1, above is based on a pump еїїї- As horsepower varies directly with flow or 
ciency of 85%, and is calculated from the formula: pressure, multiply proportionately to determine 
values not shown. For example, at 4000 PSI, 

НР = GPM x PSI + (1714 x .85) multiply 2000 PSI values by 2. 
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DIMENSIONS FOR FOOT-MOUNTED A-C MOTORS WITH SINGLE STRAIGHT SHAFT EXTENSION 





E | 

ш = 
Sw 
не 
9% 
болды 

K + 
W 
| deem 


| AA, Min. 
Conduit | 
Size 

1-3/4 9/32 siot 3/64 flat 

2-1/8 - 11/32 slot - 2... | 3/64 flat 

2-7/16 - 2 11/32 slot | 1 3/16 

2-15/16 2- 13/32 slot - 3/16 


2-3/4 TA ' ету 
# Sapa 





table c-2 Adapted from MG 1-11.31. 
*Dimension D will never be greater than the values listed, but it may be less so that shims are usually required for coupled 
or geared machines, When exact dimension is required, shims ир to 1/32 їп. may be necessary on frame sizes whose dimension D 
is 8 in. and less; on larger frames, shims up to 1/16 in. may be necessary. 
TEffective length of keyway. 
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Open 

The open motor is one having ventilating open- 
ings which permit passage of external olna 
air over and around the windings. 


Drip-Proof 

The drip-proof motor is an open motor in 
which ventilating openings are so constructed 
that drops of liquid or solids falling on the ma- 
chine at any angle not greater than 15 degrees 
from the vertical cannot enter the machine. 


Guarded 

A guarded motor is an open motor in which 
ventilating openings are limited to specified 
size and shape to prevent insertion of fingers 
or rods 10 avoid accidental contact with rotat- 
ing or «теби са parts. 


Splash-Proof 

A splash:proof motor is an open motor in 
which ventilating openings are so constructed 
that drops of liquid or solid particles falling on 
the machine or coming toward the machine in 
a straight line at any angle not greater than 100 
degrees from the vertical cannot enter the ma- 


chine. | 


Totally-Enclosed 

A totally-enclosed motor is a motor so enclosed 
as to prevent the free exchange of air between 
the inside and outside of the case, but not air- 
tight. 


three-phase motor design 

Design "B" — A Design "B" motor is a 3-phase 
squirrel-cage motor designed to withstand full- 
voltage starting and developing lock-rotor and 
breakdown torques adequate for general ap- 
plication. 


Design “С” — A Design "C" motor is a 3-phase 
squirrel-cage motor designed to withstand full- 
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standard enclosures for electric motors 





б PH Mobile Division Power Unit with Accessories 


Totally-Enclosed 

Nonventilated (TENV) 

A totally-enclosed nonventilated (TENV) motor 
is a totally-enclosed motor which is not 
equipped for cooling by means external to the 
enclosing parts. 


| 
Totally-Enclosed Fan-Cooled (TEFC) 


| A totally-enclosed fan-cooled (TEFC) motor is 


a totally enclosed motor with a fan to blow 


| cooling air across the external frame. It is a 


popular motor for use in dusty, dirty, and cor- 
rosive atmospheres. 


Encapsulated 

Encapsulated motor is an open motor in which 
the windings are covered with a heavy coating 
of material to protect them from moisture, 
dirt, abrasion, etc. Some encapsulated motors 
have only the coil noses coated. In others, the 
encapsulation material impregnates the wind- 
ings even in the coil slots. With this complete 
protection, the motors can often be used in ap- 
plications which formerly demand totally en- 
closed motors. 


Explosion-Proof 

An explosion-proof motor is a totally enclosed 
motor designed and built to withstand an ex- 
plosion of gas or vapor within it, and to prevent 
ignition of gas or vapor surrounding the ma- 
chine by sparks, flashes or explosions which 
may occur within the machine casing. 





voltage starting, developing locked-rotor torque 
for special high torque applications. 


Design "D" — A Design "D" motor is a 3-phase 
squirrel-cage motor designed to withstand full- 
voltage starting, developing 275 percent locked- 
rotor torque (generally referred to as a "high 
slip” motor). 
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solenoid cycle rate 


The current flow into an AC solenoid under 
certain conditions can be shown as follows: 





ON OFF CLOSE 
Hot Cool 
258. 75% OFF 





В i dad Hot 
ON 


ғ------100%----- 
DUTY CYCLE 
Time 


graph|c-1 


Each time the solenoid is cycled it receives a 
pulse of high inrush current which gradually 
declines as the plunger closes. In the full closed 
position, the solenoid is held energized by a 
low |holding current flowing through the срп 
until the solenoid is de-engerized. 


Current generates heat, and the| area under 
each pulse or cycle represents heat generated 
in the solenoid. If the total heat generated from 
the continued cycling of a solenoid exceeds its 
ability to dissipate that heat, it will soon over- 
heat and fail. 


If we increase the cycles per minute of a solenoid, 
we increase the number of pulses, in our illus- 
tration and increase the heat generated . . . so 
you see the cycling rate is limited by the gen- 
erated heat. 


size or duration of these pulses, we can reduce 


Obviously if we can do anything to reduce the 
size 


and permit faster cycling. 


We know that the inrush current decreases with 
a decreased length of the solenoid's stroke 50 
we can cut down heat by reducing the length 
of stroke. 


The resulting graph c-2 looks like this. A lower 
pulse — less heat per each energization. 





graph c-2 


We also know that a solenoid's speed of closing 
is dependent upon the load it must move. If 
we reduce that load, we further reduce the heat 


generating area and our graph c-3 looks like this: 





graph c-3 


The shaded area represents the reduction in 
closing time (area of heating) affected by light- 
ening the solenoid's load. 


Obviously the percentage of "on time" versus 
off time" will also affect the solenoid's tem- 
perature. This relationship is known as Duty 
Cycle. A 40% Duty Cycle is on 40%, off 60%. 


Keep in mind that any solenoid can tolerate a 
higher input heat if it is mounted on a "heat 
sink" which will substantially increase its heat 
dissipating ability. 


wet armature 





Air Gap Valves Almost Always Leak: 

In the conventional air gap type valves, dynamic 
o-ring seals allow a thin film of oil to remain on the 
push pin as it moves from the oil cavity to the 


solenoid cavity. Each time the pin returns, fluid is 
wiped off, accumulating in the solenoid соуег 
(drop by drop). It eventually spills into the valve's 
electrical cavity and leaks out onto the floor. 


Wet Armature Valves Almost Never Leak: 

Wet armature valves offer virtually leakproof 
performance because the hydraulic fluid is effec- 
tively contained in an enclosed tube in which the 
plunger floats freely. There are no dynamic seals 
since both ends of the solenoid are sealed by static 


wet armature continued 


o-rings. This eliminates the problem leakage 


areas. 





| 


. . 16 Milseconds — - E 16 Miliseconds ___ 


60 Hz 





60 Hz 


Identical Response Time 

Like the air gap, the wet armature solenoid full 
movement takes from 6 to no more than 16 
milliseconds, depending, of course, at which point 
on the 60-cycle voltage wave the coil is energized. 
Switch on at point A and full actuation should 
occur at point B. Energize the solenoid at point C 
and full actuation should be complete at point D. 


Better Heat Dissipation 

The wet armature valve employs such an efficient 
heat dissipation method that the faster it cycles, 
the cooler it runs! The circulating fluid picks up 
the heat in the solenoid body and carries it out of 
the valve to the reservoir. In short, the heat is not 
just contained in the solenoid, but dissipated 
throughout the entire valve. Test results are 
available. 

Reliable Override 

A small, simple spring is used to the override to 
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prevent cycling with the plunger. This eliminates 
the potential of leakage through the manual 
override o-ring seal. 


A failed solenoid will not distort the tube; 
therefore, if you should need the manual override, 
the plunger is free to move. 


The Industrial Standard Of Tomorrow Is Here 
Today! 


Exclusive Dual-Purpose Seal 

The wet armature plunger and pin are always 
totally enclosed in the fluid, thus never exposed to 
atmospheric contamination. 


Also, the wet armature design features exclusive 
dual-purpose grommet seals that not only seal the 
common electrical cavity from oil and atmospheric 
contamination, but also prevent damage to lead 
wires normally squeezed through drilled holes. 


Easy Replacement 

Should A Coil Be Damaged Or Burn-Out 

If the coil has to be replaced on a wet armature 
solenoid, simply remove the retainer, and slip the 
coil from the tube. The new coil easily slips on, and 
the retainer is replaced. 


50 or 60 Hertz Current 
The wet armature coil can be used on 50 or 60 
Hertz current without rewiring. 


50 and 60 cycle solenoids 


Coils for solenoids can be wound so that they 
may be used with either 50 or 60 cycle current. 
However, for best performance it is recom- 
mended that coils be wound for the specific 
frequency on which they will be used. 


So-called "dual frequency" (50-60 cycle) coils are 
actually wound for 50 cycles and will produce 
somewhat less force at the higher frequency. Their 
use on 60 cycles is limited to applications where 


illustration c-3 





their reduced force is adequate to operate the 
mechanism. 


Sometimes one coil can serve as a "dual frequency" 
coil if the 50 cycle operating voltage is lower than 
the 60 cycle nominal voltage. The wet armature 
has these characteristics. 

Example: 120 volts at 60 cycles, 100 volts at 50 
cycles. 


In this case, the winding for both specifications 
is the same so the same coil can be used suc- 
cessfully in both applications. 


Looking at the situation in another way, the 
twenty extra volts available at 60 cycles will 
provide enough extra power to offset the power 
loss at 50 cycles mentioned in the previous 
paragraph. 


Tapped or three lead "dual frequency" (50-60 
cycle) coils are a more expensive but practical 








с-7 


electrical 
devices 
= 





fluid power | | | 


50 & 60 cycle solenoids continued 
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solution. These coils have one common lead, 
with a 60 cycle lead tapped in near the end of 
the coil and a 50 cycle lead at the coil's end. 
Such coils are usually wound for 60 cycle vol- 
tage at a multiple of 115 or 120 volts, with a 
50 cycle tap at a multiple of 110 volts. 


Example: A coil could be wound for 50 cycles 
at 110 volts with a tap or third lead for 60 
cycle, 115 volt operation. 


Ideally a 50 cycle solenoid should be manufac- 
tured with more laminations in both plunger 
and field, but because of the limited demand 
for 50 cycle solenoids ours as well as other 
manufacturers use a 60 cycle plunger and field, 
and alter the coil only. 


This compromise results іп a 50 cycle solenoid 
with slightly less than normal force. Force re- 


Specifications for available power supply 
in most foreign countries are given іп а 
booklet titled,''Electric Current Abroad,” 
published Бу М. S. Department of Com- 
merce, Business and Defense Services. 
Available from the Superintendent of 
Documents, U. S. Government Printing 
Office, Washington, D.C. 20404 — $. ро 


duction is roughly 10% at 1/2 inch stroke and 
5% at 1/4 inch stroke. Holding force is very 
little affected. 


A 50 cycle power supply is not always available 
for pre-shipment testing of equipment before 
export. If this happens, 50 cycle power can be 
simulated on 60 cycles by adjusting your 60 
cycle voltage to a level of 6/5 rated voltage. 





solenoid force and voltage 


The pull-in force of a solenoid decreases rapid- 
ly as the voltage decreases below the coil nom- 
inal rating. On the other hand, as the voltage 
increases over the nominal value, the pull;in 
force increases, but the solenoid temperature 
may also rapidly increase. 


Low Voltage — From a low voltage standpoint, 
solenoid size selection should allow for ade- 
quate force at some arbitrary low voltage level. 
This will insure adequate solenoid force even 
during periods of low voltage and will prevent 
failure to pull-in and consequent coil burn out. 


Design practices vary but low voltage levels are 
usually set at 90% of rated or nominal levels. 


For convenience, our solenoid ratings are listed 
in our catalogs. 


Forces at other reduced voltages can be closely 
approximated by means of the following for- 


mula: 
1 = X E 


Е, = solenoid force at a reduced voltage E;. 
Е = solenoid force at rated voltage Е. 


Where: 


PH Single Solenoid D3W Directional Control Valve 





illustration c-4 


Forces calculated with this formula will be 
within 5% of measured forces down to 70% of 
nominal or rated voltage. 


Over Voltage — The extra force resulting from 
over voltage (or voltage above the coil nominal 
rating) will normally last for short periods of 
time. Under these conditions the mechanical 
life of a solenoid will not be seriously affected. 




















The coil temperature rise and the consequent 
ultimate temperature of the solenoid will in- 
crease. Unless the ultimate temperature ex- 
ceeds the class "A", 105?C rating of the insula- 
tion, the application will be satisfactory. The 
solenoid temperature can be lowered by 
mounting on a surface, such as an aluminum 
plate, which will conduct the heat away. 
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trouble shooting solenoid valves 


solenoid failures 

1. Voltage too low. If voltage will not com- 
plete the stroke of alternating current (AC) 
solenoid it will burn out the coil. 


2. Signal to both solenoid of a double solenoid 
valve simultaneously. Oneor both of the solenoids 
will be unable to complete their stroke and will 
burn out. (Make certain the electrical signal is 
interlocked so that this condition cannot exist.) 
(Cut in — Cut out). 


3. Covers left off solenoids allowing cast iron dust 
or other metallic chips to collect within the 
magnetic field. Plunger cannot complete stroke 
and solenoid burns out or the contamination could 
enter the fluid via the push pin. The wet armature 
solenoid uses a sealed tube assembly and 
therefore does not contaminate the fluid. 


4. Push rod peens to a point where it is not long 
enough to actuate the valve (replace with new 


pin). 


5. Mechanical damage to leads. (Short circuit, 
open connections, etc.) 


6. Mechanical damage to coils. (Short circuit, 
open windings, etc.) 


7. Tight spool or other mechanical parts of 
the valve being actuated can prevent the sole- 
noid from completing its stroke and subse- 
quently burning out. 





Hydraulic Pressure Control Valve 


illustration c-5 


8. Replacement springs too heavy in valve. 
Overloads solenoid and shortens life. 


9. Wrong voltage or frequency will either pre- 
vent operation because of inadequate capacity 
to handle the load with the lower voltage or 





PH D63W Directional Control Valve 


illustration c-6 


burn out the coil because of improper wind- 
ing and excessive voltage. 


10. Dirty contacts may поі supply suf- 
ficient current to solenoid to satisfy inrush de- 
mands. 


11. Low voltage direct current solenoids may 
be affected by low battery capacity on cold 
mornings directly after starting cold engine. 


12. Long feed lines to low voltage solenoids may 
cause sufficient voltage drop to cause erratic 
operation. 


13. High ambient temperature or confined area — 
heat not dissipated properly. 


solenoid valve fails to operate 

1. Is there an electrical signal to the solenoid 
or operating device? Is the voltage too low? 
(Check with voltmeter . . . test light in emer- 


gency.) 


2. Isthesolenoid push rod shifting the pilot spool 
far enough? (After considerable service the push 
pin to other parts may have been worn enough to 
prevent sufficient spool movement.) 


3. If the supply to the pilot body is orificed, 
is the orifice restricted? (Remove orifice and 
check for foreign matter. Flushing is sometimes 
necessary because of floating impediment.) 


electrical 
devices 


r 
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trouble shooting continued 


c-10 


4. Has foreign matter jammed the main spool? 
(Remove end caps and see that main spool is 
free in its movements . . . remember that there 
will be a quantity of fluid escaping when the cap 
is removed and provide a container to catch 
it.) 

5. 18 рПо! pressure available? Is the pilot pres- 
sure| adequate? (Check with gauge on main 
pressure input port for internally piloted types 
and in the supply line to the externally piloted 
type) 


6. 15 pilot drain restricted? (Remove pilot 
drain and let the fluid pour into an open con- 
tainer while the machine is again tried for 
normal operation. Small lines are often mashed 
by machine parts banging against them caus- 
ing a subsequent restriction to fluid flow.) 


7. Is pilot tank port connected to main tank port 
where pressures are high enough to neutralize 
pilot input pressure? A minimum pressure differ- 
ential of 65 psi is necessary to shift valve. 
(Combine pilot drain and pilot tank port and chéck 
for operation with the combined flow draining into 
an open container ... block line to main tank from 
pilot valve...if this corrects the situation, reroute 
pilot drain and tank lines.) 


8. Are solenoids improperly interlocked 50 
аба signal is provided to both units simul- 


notes 


taneously? (Put test light on each solenoid 
lead in parallel and watch for simultaneous 
lighting .. . check electrical interlock. This con- 
dition probably burns out more solenoids than 
any other factor.) 


9. Has mounting pad been warped from external 
heating or improper bolt torque? (Loosen mount- 
ing bolts slightly and see if valve functions. End 
caps can also be removed and check for tight 
spool). 








10. Is fluid media excessively hot? (Check for 








localized heating which may indicate an in- 
ternal leak . . . check reservoir temperature 


and see if it is within machine specifications.) 


11. Is there foreign matter in the fluid media 


causing gummy deposits? (Check for contam- 
ination ... make certain seals and plumbing 
are compatible with the type of fluid being 
used.) 


12. Is an adequate supply of fluid being de- 


livered to actuate the load? (Many times there 
is sufficient pressure to shift the valve but not 
enough to actuate the work load. Check pump 
supply pressure and volume if necessary . .. 
physical measurement of flow through relief 
valve with units blocked may be necessary.) 











13. Check circuit for possible interlocks on 


pressure sources to valve or to pilot. 


„_—__—_——_—————-—-———-——————-—-————-———————-———-—— 
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FLUIDS CHART! 





Fluid | Specific Viscosity (SUS) 
Type? Gravity 100°Е 210°F 








Brand Name 









Amoco (American Oil Co.) 


Chicago, IL 

American Industrial 15 PB .893 159 44.2 
21 PB .887 212 47.7 
51 РВ .891 502 62.5 
75 PB .892 752 74.6 

95 РВ .892 952 84 

120 РВ .892 1192 95 

150 РВ .894 1504 109 

175 РВ .893 1731 118 

200 РВ .899 2053 132 

240 РВ .895 2446 148 
Indoil 15 PB .872 158 43.6 
21 РВ 875 207 46.6 
31 РВ 881 309 52.5 
51 РВ .886 502 62.5 
75 РВ .889 752 74.5 

95 PB .892 955 84 
Rykon 1 PB .897 108 40.9 
15 РВ 874 160 45.8 
21 РВ 875 206 50.3 
31 РВ 878 304 59.5 
51 РВ .878 501 74.1 
95 РВ ‚882 942 99.7 
FR Flujd WO IE .925 397 112 @ 175°Е 
G20 WG 1.06 209 102 @ 150“ Е 
PE15 PE 1.18 160 70 @ 136?F 
PE22 PE 1.17 225 70 @ 149°Е 
РЕЗО РЕ 1.17 305 70 @ 160*F 
РЕ55 РЕ 1.17 550 70 @ 178°F 


Агсо (Atlantic Richfield Co.) 
Philadelphia, PA 


Duro AW | 70 @ 135°Е 


Duro AW | 
Duro rn nb | 560 @ 77°F 


Bel-Ray Co., Inc. 
Farmingdale, NJ 


Raylene AW 


No-Flame 
No-Flame G 


1 Data in this chart was received from catalog literature or by Нес correspondence with the oil refiner. 
The appearance of a specific fluid in the chart is by no means an indication of quality nor should it be inferred as 
recommended by Parker-Hannifin Corporation. 


2 ЈЕ |пуем Emulsion е PB-Petroleum Base е PE-Phosphate Ester е EB-Phosphate Ester Blend е WG-Water Glycol 
E- Emulsion 
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FLUIDS CHART (CONTINUED) 


Fluid | Specific Viscosity (SUS) 
Brand Name Type Gravity 100°Е 210°Е 


ВР Сапада 
Montreal, Quebec 


Energol CS 


Energol EM 





Energol HL 


Energol HLT 
Energol TH 


m od Со 
O74 № GO Ф 


Bray Oil Co. 
Los Angeles, CA 


Brayco 


Brooks Oil Co 
Cleveland, OH 


ЕВ Fluid 


Castrol Oils inc 
Hackensack, NJ 


Hyspin 
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FLUIDS CHART (CONTINUED) 


Fluid Specific Viscosity (SUS) 
Brand Name | Туре Gravity 100°Е 210°F 









Castrol Oils Inc. (Continued) 
Hyspin AWS 


Alpha 







Chemtrend Inc. 


Howell, M! 









105 @ 140°Е 













Chevron (Standard Oil Co. of Calif.) 
San Francisco, CA 


Aviation Fluid 






Tractor Fluid 
OC Turbine Oil 


EP Hydraulic Oil 













65.5 

; 45.5 (D 180° Е 
45X PB ,8789 202 46.8 
55Х РВ .8838 405 = 


EP industrial Oil 


Gear Cil 


MS Gear Lub 


Universal Gear Lub 


Gear Compound 


NL Gear Compound 


FR Fluid 





FLUIDS CHART (CONTINUED) 


Brand Name 


Conoco (Continental Oil Co.) 
Houston, TX 


Super Hyd. Oil 


Polar Start DN 


Davis-Howland Oil Corp. 
Rochester, NY 


DSL Oil 


DSL Convis OC 


Drydene (Dryden Oil Co., Inc.) 
Baltimore, MD 


Blue Hyd. Oil 


EP Gear Lub 


Exxon Co., USA 
Houston, TX 


Nuto 


Terrestic R&O 


Univis 


Imol S 
3110 FR Fluid 


Filmite Oil Corp. 
Butler, WS 


Flomite Hyd. Oil 


Fluid 
Type 


Specific 
Gravity 
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Viscosity (SUS) 
100°F 210°F 
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FLUIDS CHART (CONTINUED) 


Fluid Specific Viscosity (SUS) 


Brand Name Type Gravity 100° F 21 0° F 





Filmite Oil Corp. (Continued) 


Filmite Industrial 


Fiske Bros. Refining Co. 
Newark, NJ 


Lubriplate HO 





| 
Gulf Gil Co. 


коеп, TX 
Harmony 41 PB .864 105 39.7 
44 PB .869 150 43.3 
47 PB ‚873 205 47 
53 РВ .876 305 53.3 
61 РВ .880 460 62 
69 PB .883 610 69.4 
43AW PB .868 150 43.7 
48AW PB .875 205 47.6 
54AW PB .878 300 53.4 
59ЕР РВ .877 409 59.8 
74AW PB .886 700 74.6 
75 PB .887 728 75.8 
76 PB .893 813 75.3 
77 PB .886 762 76.7 
88 PB .890 1019 90.1 
97 PB .892 1172 97.5 
121 PB .895 1598 116.6 
151 РВ .900 2492 152.5 
204 РВ .902 3974 205 
Endurance 35 PB .857 57.8 34.6 
37 PB .871 76.4 37 
39 PB .886 101.6 38.8 
45 PB .888 205 46.6 
48 PB .889 255 49.8 
51 PB .890 305 52.9 
MP Gear Lub 80 PB .903 372 56.3 
90 РВ .905 997 87.2 
140 РВ .907 2300 143.7 
EP Lub 55 PB .917 362 55.4 
75 PB .929 894 77.5 
95 PB .935 1431 97.5 
115 PB .940 2038 117.5 
125 РВ „941 2501 130.4 
145 РВ .945 3173 150 
250 РВ .954 8314 255 
400 РВ .961 20010 410 
570 РВ .897 701 74.6 
$100 РВ .894 1070 94.5 
$120 РВ .897 1556 116.6 
$150 РВ .901 2302 147.4 
Security 39 PB .863 105.5 39.8 
44 PB .869 155 43.6 
47 PB ‚872 205 47.2 
53 РВ .878 313 53.6 
61 РВ ‚880 460 61.5 
71 РВ .882 600 68.7 
85 РВ .887 920 86.2 
Security 118 PB .892 1650 118.5 
АЗАУУ РВ 880 154 43.1 
4ВАМ/ РВ .884 206 46.5 
54AW PB .884 299 52.6 
| ТОАМ/ PB .893 550 66.6 
2150RO PB .896 2151 141.1 


d-6 





design engineers handbook 
————— ————————Á——Á——— —Á—————— ÓÓSÓMMDÍÓáÓMÓÁÓt QI 


FLUIDS CHART (CONTINUED) 










Viscosity (SUS) 
100?F 210°F 






Fluid Specific 
Brand Name Type Gravity 











Guif Oil Co. (Continued) 


FR Fluid IE .948 
FR Fluid 









Houghton (E.F. Houghton Co.) 
Philadelphia, PA 


Hydro-Drive HP 







Hydro-Drive МН 







Cosmolubric 


MP Gear Oil 








Hi Temp 





Houghto-Safe 271 М/С 1.045 200 80 @ 150°F 
416 WG 1.08 160 110 @ 110°F 
520 WG 1.075 200 90 @ 150°F 
620 WG 1.074 200 89 @ 150°F 












| 210 @ 130°Е 
5046-W E .96 450 215 @ 130°Е 
Vital Hyd. Fluid 29 EB .97 300 50 









Hydrotex 
Dallas, TX 


Deluxe No. 216 H.D. Hyd. Oil - Light PB 0.866 188 45 












217 H.D. Hyd. Oil - Medium PB 0.873 295 52 
218 H.D. Hyd. Oil - Heavy PB 0.880 483 63 
219 H.D. Hyd. Oil - Extra Heavy PB 0.887 850 80 
Hy-Torque Fluid PB 0.885 278 56 
Deluxe Dexron PB 0.873 190 90 
Deluxe No. 750 Type A, Suffix A PB 0.887 205 51 
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Е.Н. Kellogg & Co., Inc. 
Mount Vernon, NY 


Hylube 
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S CHART (CONTINUED) 





Fluid Specific Viscosity (SUS) | 
Type Gravity 100°Е 210°F — 





| Brand Name 








Kendall Refining Co 
Bradford, PA 


Hyken Super Black MV PB ‚8876 140.9 48.5 
052 РВ .8877 262.7 55.5 

Kenojl В & О 043-EP PB .8628 146.6 43.5 
D47-EP PB .8681 200 47.2 

D53-EP PB .8762 300 53.1 

D65-EP PB .8789 500 63.6 

072-ЕР РВ .8827 650 71.5 

D85-EP PB .8860 927 84.5 

Gear Lub 80-90 PB ‚8816 692 77.8 
90-140 РВ 8927 2481 158.6 

250 РВ 9042 9605 399.5 

800 РВ 9135 24714 785.5 


Keyslone Precision Lubricants 
Philadelphia, PA 





KLC 6 PB 8899 158 42 
5 РВ 8911 200 45 
4А РВ 8916 300 53 
4 РВ 8956 500 67 
3 PB 9018 760 80 
| 2 PB 9030 1001 89 
1A PB 9030 1500 120 
| 1 PB 9053 2500 150 
| Gear Oil WG 5X PB 8911 320 54 
| 4 PB 8956 462 62 
| 3 РВ 8973 720 81 
| 1 РВ 9018 1320 111 
| A PB 9018 2240 111 
| B PB .9088 3100 147 
WG Special PB .9165 5000 220 
Gear Lub 1790 PB — 1000 85 
| 1791 РВ Е 2050 140 
Lubrication Engineers Inc. 
Fort Worth, TX 
Monolec Hyd. 6105 PB .8602 105 40 
6110 PB .8708 200 46 
| 6120 РВ .8762 305 53 
6130 PB .8844 550 64 
Monolec Turb 6401 PB .8654 150 43 
6402 РВ .8708 200 46 
| 6403 РВ 18762 305 53 
| 6404 РВ 8844 550 64 
6405 РВ .8899 750 77 
Monolec PF 7500 PB ‚8927 220 50 
| | 
A. Margolis 4 Sons Corp. 
| ао МҮ 
Silogram Tip LT PB ‚8665 150 44 
MED PB .8708 205 47 
| HVY PB .8751 325 54.6 | 
| бпоргат MP AW 157 PB .8665 150 44 
| 207 РВ .8708 205 47 
307 РВ 8751 325 54.6 
507 РВ .8816 482 64 
| 707 РВ 8871 640 74 
907 РВ ‚8871 926 88 
Silogram Hydra Safe FR150 WG 1.072 150 — 
FR200 WG 1.079 200 - 
| Metalub (Metal Lubricants Co.) (Continued) 
Chicago, IL 
Мейгап AW 400 PB 8623 107 40.4 
405 РВ 8693 160 45.2 
410 РВ .8762 215 47.4 
420 РВ ‚8805 310 54 
425 РВ ‚8827 410 58.7 
430 РВ 8816 550 67.4 | 
440 РВ .8838 740 76.9 | 
450 PB .8849 970 90.1 | 
460 РВ 8912 1800 116 


480 PB 8955 2500 171.1 
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FLUIDS CHART (CONTINUED) 


Fluid ^ Specific Viscosity (SUS) 
Brand Name Type Gravity 100°Е 210°Е 


Meltac WL 221 
222 


223 

224 

Melcolube 100-CP 
101-CP 

101-1/2-CP 

102-CP 


Melvis 


filtration 


F 


Melsyn FR 


Mobil Oil Corp. 
New York, NY 


Mobil DTE 


Mobil Fluid 
ETNA 


Mobilube HD 


Mobilgear 


Pyrogard 


Monsanto (Monsanto Co.) 
St. Louis, MO 
Pydraul 


Skydrol 
97 @ 130°F 
Santo Safe WG 130 @ 130°F 
140 @ 130°F 
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Fluid | Specific Viscosity (505) 


| Brand Name Type Gravity 100°Е 210° Е 







| 
Nalco (Nalco Chemical Co.) 










211 WG 1.058 200 98 @ 150°F 


Fyre-Safe 
225 WG 1.058 225 120 @ 1 qu F 














Ore-Lube (Ore-Lube Corp.) 
College Point, NY 


didi 










111W | 46. 
111W-LT | 40.0 





Phillips 66 (Phillips Petroleum Co.) 
Bartlesville, OK 


Magnus 


Sanon & Sons, Inc. 
Bristoll PA 













No-Gui Hyd. Oil LT PB .8681 155 — 
10 PB .8708 210 — 

20 PB ‚28735 305 — 

30 РВ .8772 515 — 

40 PB .8805 775 — 

50 РВ .8838 975 — 

60 РВ .8871 1500 — 

70 РВ .8899 2500 — 

AW Hyd. Oil 150 PB .8681 150 — 
215 PB .8708 215 — 

315 PB .8735 315 — 

515 РВ .8772 515 — 

775 РВ .8805 775 — 

975 РВ .8835 975 — 

1500 РВ .8871 1500 — 

2500 PB .8899 2500 — 

Hydra-Safe Standard 150 WG 1.07 150 — 
| 200 WG 1.07 200 — 
Hydra-Safe Premium 1. = 


| 
| 
Shell Ой Co. 





Houston, TX 

Tellus 11 PB .845 40 = 
15 РВ .871 60 35 
23 PB .867 120 42 
25 РВ .865 150 45 
29 РВ .875 215 47 
33 РВ ‚875 315 53 
41 РВ ‚875 465 63 
69 РВ .887 700 73 
71 РВ 889 1000 86 
75 РВ 887 1500 113 
77 РВ .895 2150 140 

Hydraulic 21 PB .865 105 40 
25 РВ .864 150 45 
29 РВ .871 215 47 
33 РВ .876 315 53 
41 РВ .873 465 63 
69 РВ 882 700 73 
71 РВ 882 1000 86 

Turbo 25 PB 872 150 44 
29 PB ‚879 215 48 
33 РВ 876 315 52 
37 РВ ‚882 410 58 
41 РВ ‚882 465 65 
69 РВ ‚894 700 71 

Топпа 25 РВ ‚873 150 45 
33 РВ .913 315 56 
71 РВ 916 1000 88 

vSI С.О. 27 РВ .871 155 44 
29 PB .872 215 47 
33 PB .879 315 53 
41 РВ .878 520 64 
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FLUIDS CHART (CONTINUED) 


Fluid Specific Viscosity (SUS) 
Brand Name Type Gravity 100 Е 210“ Е 


Sheil Oil Co. (Continued) 
Delima 
Thermia 


Irus Fluid 
Vitrea 


Carnea 


Sohio (The Standard Oil Co.) 
Cleveland, OH 


Industron 


Factovis 


Eldoran UTH 
Gearep 


Staysol FR | 113 @ 175°Е 


Stauffer (Stauffer Chemical Co.) 
Fyrguard 95 @ 130°F 
130 @ 130°F 

36.9 

40.2 

43.2 

45.1 

47.9 

51.8 


Fyrquel 








filtration 
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FLUIDS CHART (CONTINUED) 














Fluid Specific Viscosity (SUS) 
PIS ONE Type | Gravity 100° F 210°F 
Sunoko (Sun Oil Co.) 
Philadelphia, PA 
Solnus 55 PB .9100 60 -- 
70 РВ .9094 70 — 
100 PB .9076 107 — 
150 PB .9123 155 — 
200 PB .9165 207 — 
Solnus AC 300 PB .9248 310 — 
500 PB .9309 515 — 
650 PB .9340 675 -- 
750 РВ .9371 775 — 
1200 РВ .9402 1250 — 
2200 PB .9433 2300 — 
Suntac 152WR PB .9159 210 44 
O2WR PB .9188 280 46.8 
51 РВ 9279 405 51.1 
02WR PB .9309 650 57.6 
52WR PB .9340 1080 67.5 
1203WR PB „9371 2020 83.2 
200НР РВ ‚9182 200 43.4 
250НР РВ 9218 250 45.8 
350HP PB .9248 350 49.2 
550HP PB .9291 550 55 
Sunvis 7 PB .8473 72.5 36.6 
11 РВ 8571 108 40 
16 РВ 8649 155 43.5 
21 РВ 8692 208 46.8 
31 РВ 8729 308 52.4 
41 РВ 8729 415 59.2 
51 РВ 8751 500 63.3 
15 РВ 8778 750 76.3 
99 РВ 8816 974 87.2 
112 РВ 8849 1465 110 
135 РВ 8888: 2079 135 
150 РВ 8911 2572 155 
701 РВ 8602 107 40.2 
706 РВ .8660 155 43.8 
Sunvis 747 PB .8692 208 47.4 
754 РВ .8718 310 53.4 
764 РВ ‚8778 505 63.8 
775 РВ ‚8822 725 75 
790 РВ .8849 1050 91 
7100 РВ .8866 1250 100 
7150 РВ 8927 2600 155 
B16WHR PB — 155 44 
B21WR PB — 210 47.7 
B31WR PB — 307 53.4 
851WR PB — 500 63.4 
B65WR PB — 650 71.1 
Sun R &O 100L PB .8591 110 40.3 
150L PB ‚8633 155 43.5 
2001. РВ ‚8670 208 47.4 
300L PB .8718 307 53.2 
500% РВ .8762 508 64.3 
6001 РВ ‚8762 620 71.5 
12001 РВ .8871 1200 98.5 
18001 РВ .8899 1900 127.6 
Lubeway 150 PB .9248 165 — 
300 PB .9309 315 — 
1706 PB .8660 155 — 
1754 PB .8718 310 — 
Hydraulic Oil 2105 PB .8681 194 52 


Sunsafe F 1Е 921 425 — 


Texaco (Texaco, Inc.) 
Long Island City, NY 


Regal Oil 
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FLUIDS CHART (CONTINUED) 


Brand Name 


Texaco (Continued) 
Regal Cil 


Rando Oil 


Rando Oil HD 


Roitex Oil 

Roll Oil 

300 Oil 

Safteytex 

Hyd. Safety Fluid 
FR Hydrafluid 
Multigear Lub EP 


Meropa 


Geotex HD 


Ucon (Union Carbide) 
New York, NY 


Hydrolube 


Union 76 (Union ОН Co.) 
Palatine, IL 


Turbine Oil XD 


Unax AW 


Unax RX 


Unax В & О 


FR Fluid 


ОпОшъгжес т 


Еша 
Туре 


Specific 
Gravity 
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Viscosity (SUS) 


100°F 


210°F 


103 @ 150°F 
150 @ 150°F 
56.8 
85.8 
140 
54.4 
75.5 
89.4 


78 @ 150°F 
95 @ 150°F 
124 @ 150°F 
150 @ 150°F 








filtration 
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FLUIDS CHART (CONTINUED) 


| Fluid ^ Specific Viscosity (SUS) 
| Brand Mame Type | Gravity 100°F 210°F 


White & Bagley Co. 
Wordester, MA 


EP Hyd. Oil 


Super Hyd. Oil 


Penn-Mar Super 


Penn-Mar EP 


Arthür C. Withrow Co. 
Los Angeles, CA 


"S" Series 


Withrolube 624 SE 
655 AW HYD-LT 
656 AW НУО-МЕО 
657 AW HYD-HVY-MED 
AP Gear Oil 


Withrolube 
637-1500 


637-1800 
Trip-L-Film Custom 


3V3 
Withrolube 


Wolverine Oil & Supply Co. 
Detroit, MI 


А-1 Anti-Wear Hydraulic Oils Р 150-160 
200-215 
300-315 
475-510 
590-620 
950-1000 
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(a) Laminar Flow 















(c) Turbulent Flow 


Explanation of Flow vs. 
Pressure Differential Tables 


Tables 1 through 9 on the following pages 
indicate estimated pressure differential per 
linear foot of pipe, tube, and hose for fluid 
flows up to 200 GPM at ten viscosities. Values 
were determined by computer and are rounded 
off to the fourth decimal place. 


Tables 1 through 6 are calculated in units of 
PSI. In tables 7 through 9, pressure units are 
indicated in terms of inches of mercury 
(in.Hg); this is used for calculations at the 
pump suction side. 


Fluid flow in a conductor can exist in either a 
laminar or turbulent form. It can also be in 
transition between laminar and turbulent. 
These conditions of flowing fluid are indicated 
on the tables by a heavy line running through 
each chart from top to bottom. To the right of 
the line, flow is laminar. To the left, flow is 
turbulent. Shaded areas are transitional 
regions known as critical flow zones. 


In the illustration, a reproduction of flow in a 
circular plastic pipe is shown. A дуе 15 injected 
at a point mid-stream into the flow. A series of 
drawings illustrate laminar flow (a), the 
critical zone (b), and finally turbulent flow (c) 
as fluid velocity progressively increases. 


An increase in velocity is not the only cause 
affecting a change between laminar and 
turbulent. Factors such as pipe diameter, 
specify gravity (fluid density), and viscosity 
also affect laminar and turbulent states. 


Reynolds number is a unitless number which 
takes into account the effects of velocity, 
viscosity, specific gravity, and pipe diameter 
on a flowing fluid. With a Reynolds number of 
less than 2000, flow is laminar. As Reynolds 
number increases, flow tends to become 
turbulent, with the critical zone existing 
between 2000 and 5000. The critical zone is 
rather complicated and not fully understood; 
but, under normal conditions, flow will be 
fully turbulent as Reynolds number equals 
5000. 


Values given for the critical zone in the tables 
are for fully developed turbulent flow. This 
indicates the maximum value of pressure 
differential which could be expected to occur 
under the specific flow conditions. 


When turbulent flow is obtained, a rapid 
mixing takes place. Compared with the smooth 
flowing action of laminar flow, this action 
causes additional pressure energy to be used. 










































































At times, this results in ап apparent contradic- 
tion in the tables when going from turbulent 
flow or the critical zone, to laminar flow (left to 
right on the chart). For example, with fluid 
velocity remaining constant, pressure differ- 
ential at 200 SUS might be more than at 300 
SUS for a specific conductor size. This is 
because flow is turbulent at 200 SUS and 
laminar at 300 SUS. 


calculating pressure differential 
in straight line lengths 


To calculate fluid flow pressure differential in 
straight line lengths lying in a horizontal 
plane, several factors must be known. These 
are conductor size and length, flow rate, fluid 
viscosity, and specific gravity. 


Assume that 50 GPM is flowing through 45 ft. 
of 1-3/4 in. tube with a .083 in. wall. Fluid 
specific gravity is .865. Assume that pressure 
differential at a viscosity of 100 SUS and 400 
SUS must be determined. 


Referring to Table 5, we find a flow rate of 50 
GPM through 1-3/4 in. tube with a .083 in. 
wall. The table indicates a pressure differen- 
tial of .1282 PSI/ft @ 100 SUS and .1885 
PSI/ft @ 400 SUS. These values are based on 
the fluid having a specific gravity of 1.0. Since 
the fluid in our example has a specific gravity 
of .865, pressure differential in this instance 
will be less. To determine how much less, the 
Specific Gravity Correction Curve is referred 
to. The curve indicates that the correction 
factor for a .865 specific gravity is .9. This 
factor is then multiplied by the pressure 
differential values for 100 SUS and 400 SUS. 


100 SUS AP = .1282 PSI/ft x .9 = .1154 PSI/ft 
400 SUS AP = .1885 PSI/ft x .9 = .1697 PSI/ft 


With 45 FT. of tubing, we need only multiply 
the PSI/FT value by 45 ft. to obtain the total 
pressure differential. 

100 SUS AP = .1154 PSI/ft x 45 ft = 5.2 PSI 

400 SUS ДР = .1697 PSI/ft x 45 ft = 7.6 PSI 


To determine pressure differential from the 
tables for horizontal straight line lengths, the 
following formula can be used: 


Horizontal Specific 


| | Line 
Straight Line АР (PSI/ft) (О е Gravity x Length 
Length AP Fluid Viscosity Correction (ft) 
(PSI) Factor 


CORRECTION FACTOR 
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.8 9 1.0 1.1 1.2 1.3 
SPECIFIC GRAVITY 
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calculating pressure differential 
in fittings and bends 


As indicated, the tables show pressure differ- 
ential per linear foot of pipe, tube, and hose 
which are in horozontal plane. They may also 
be used to determine pressure differential 
through typical pipe fittings and 90° bends of 
tube and hose. This is accomplished with the 
use of a multiplier which transforms a fitting 
or bend into a length of straight conductor 
exhibiting an equivalent pressure differential. 


Illustrated on the next page is a chart which 
shows various pipe fittings and 90? bends 





| 
- —— (Áo | J | ipliers. deter- 
Flow Pipe — Schedule 80 Velocity Viscos|ty — SUS with their e. Ve id | li | 
СРМ | size | oo | war] ю | FPS | mine pressure а! Terentia ‚ the multiplier 15 
М, | .840| 147 | .546| 34.253 65623 used in the following formula: 
X, | 1.050| .154 | .742| 18.547 | 1.4751 Specific 
1 |1315] 179 | .957| 11.150 (4366 Ее ог ы DB Or Mon ictor Араға Gravity 
1% | 1.660 | .191 | 1.278 | 6.252 .1101 Bend AP (PSI) cu x DE. Ae x e reb Correction 
| e : 5 
30 | % 11.050| .154 | .742| 22.257 2.0412 а В 7 
1 |1315| 179 | .957| 13.380 .5973 
1% | 1860] 191 | 1278| 7503 [1507 | Assume 50 СРМ is flowing through 1-1/4 in. 
1% | 1.900 | .200 | 1.5 5.446 .0704 | schedule 80 pipe. Viscosity is 100 SUS and 
40 3, | 1.050| .154 | .742| 29.675 3.3851 specific gravity is .865. To calculate pressure 
1 ]|1315| 179 | .957| 17.839 „9890 
1% | 1660 | 191 | 1278! 10.003 (2473 differential for one elbow, the chart i is referred 
1% | 1.900| .200 | 1.5 7.261 1150 to for the multiplier which happens to be 2.5 
50 | % | 1.050] .154 | .742| 37.094 3.1541 From Table 2, 1-1/4 in. schedule 80 pipehasan 
1 | 1.315] .179 | .957| 22.299 1.4820 
1% | 1660 | 191 | 1278| 12.504 "3643 inside diameter of 1.278 in. and a pressure 
1% | 1.900| .200 | 1.5 9.077 1699 differential per foot (0 50 СРМ and 100 SUS of 
2 | 2.375| 218| 1.939} 5.432 0500 


| .3643 PSI. Апа, referring to the correction 
curve for specific gravity, we find that .865 has 
a correction factor of .9. 


To solve for AP in one elbow, the formula 
becomes: 
AP 1-1/4 in. 
| Schedule 80 Elbow = 2.5 х 1.278 in. x .3643 PSI/ft x .9 = 1 PSI 

Viscosity — SUS (PSI) 
This indicates thatatypical schedule 80 elbow 
will use approximately 1 PSI as 50 GPM 
passes through at 100 SUS. 


Now, assume that 50 GPM passes through 1- 
3/4 in. tube with a .083 in. wallata viscosity of 
100 SUS and a specific gravity of .865. 
Pressure differential for each 90° bend is 
calculated in the following manner: 


























ДР 90° 
Tube Bend = 1х 1.584 in. x .1282 PSI/ft x .9 = .2 PSI 
(PSI) 
Compared to the pipe elbow, this is a substan- 
tial pressure saving. 


NOTE: If additional information is required 
regarding the derivation of the Flow vs. 
Pressure Differential Tables, please contact: 


TRAINING DEPARTMENT 
Parker Fluidpower 

17325 Euclid Ave. 
Cleveland, Ohio 44112 
1-(216) 531-3000 
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MULTIPLIERS FOR FITTINGS AND BENDS 


REGULAR | Дена 
SCREWED | nd 

90^ ELL 

LONG STREET 

RADIUS 90* ELL 

SCREWED : 

90° ELL 

45° ELL 





filtration 


r 
k 


REWED 
БА SCREWED 


RETURN 


LINE BEND 
FLOW А 


SCREWED PIPE FITTINGS 


BRANCH 
FLOW 


FLANGED 
TEE 
REGULAR 
FLANGED 
. LINE 
90° ELL FLOW 
BRANCH 
FLOW 


LONG 

RADIUS 

FLANGED 

90° ELL 
FLANGED 
RETURN 
BEND 


LONG 

RADIUS 

FLANGED 

45° ELL NOTE The multiplier for flanged fittings can vary due to alignment of 


interior passages of mating parts. Multipliers indicated are tor perfect 
alignment 


FLANGED PIPE FITTINGS 





NOTE: The multiplier for a tube or hose 90° bend is based on the bend 
having a radius equalling three inside diameters 








TABLE 1: 
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8.467 | 
16.934 | 


9.248 
5.042 


28.224 
15.414 
8.403 
5.279 


39.513 
21.579 


7.390 


30.828 
16.806 
10.558 

6.016 


25.208 
15.836 
9.024 
5.568 


33.611 


21.115 | 


12.032 
7.424 


26.394 
15.039 
9.280 
5.362 


| 31.673 
18.047 
11.136 

6.434 


24.063 
14.848 
8.579 
6.303 


30.079 
18.559 
10.724 

7.879 


36.095 
22.271 
12.869 
9.455 
5.736 


29.695 
17.158 
12.606 
7.648 
5.360 


37.119 
21.448 
15.758 
9.560 
5.700 


26.81 
19.697 
11.950 

8.376 





PRESSURE DIFFERENTIAL IN 


7911 


3.0406 
.6451 
.1372 


B.3509 
1.7231 
„3603 
‚1108 


16.1494 
3.3270 


.6886 | 


.2098 


6.7104 
1.3765 


4162 | 


.0995 
3.0443 


9136 | 


.2160 


0635 | 


5.3633 
1.6029 
.3726 
.1087 


2.4840 | 


0744 
.1667 
.0416 


3.5235 | 
.8193 | 


.2369 
0588 


1.4388 | 
.4137 | 


.1018 
.0466 


2.2309 | 
.6392 | 
.1565 | 
0714 92 


3.1957 
.9132 
.2226 


.1014 | 


.0286 


1.6071 
.3897 
.1767 
.0495 
.0202 


2.4953 
.6029 
„2727 
„0761 


.0309 | 


9342 
4216 
‚1171 
‚0474 
0158 























20.6214 
6.1507 


1.8278 | 


3.0464 


1.2023 | 


14.3515 


4.2650 | 
1.6832 | 


| 27.3459 


6.0928 
2.4046 
.7807 


9.1392 
3.6069 
1.1711 

4459 


| 12.1856 


4.8092 
1.5615 


5945 | 


| 
6.0115 
1.9518 

‚7431 

‚2481 


7.2138 | 
2.3422 | 
8917 | 


-2977 


3.1229 | 





Viscosity — - SUS 


13.7524 | 17.1869 


27.5049 


4.0633 


1.6036 | 
|- 64.178 


19.1421 
5.6886 
2.2451 


8.1266 


3.2073 | 
1.0413 | 


12.1899 
4.8109 
1.562 
.5947 


16.2532 


6.4146 | 


2.0827 


.7929 | 


8.0182 
2.6033 
.9911 


.3309 | 


9.6218 
3.1240 
1.1894 

.3971 


4.1653 


1.5858 | 


5095 
.2858 


5.2067 
1.9823 


:6618 | 
3572 


6.2480 
2.3787 


7942 | 
4287 | 
1578 | 


3.1717 | 


1.0589 
.5716 
.2104 
.1033 


3.9646 | 
1.3237 | 
.7145 | 
.2630 | 
.1292 | 


1.6546 
.8931 
.3287 
.1615 


.0677 


| 34.3738 
8.2038 | 
2.4380 


| 45.8414 
| 13.6729 


3.0468 


| 57.2897 
| 17.0876 


5.0781 
2.0041 


80.2056 


| 23.9226 


7.1093 


2.8058 | 


34.1751 
10.1561 
4.0082 
1.3014 


15.2342 
6.0124 
1.9521 


7432 | 
20.3122 | 


8.0165 
2.6028 


.9909 | 
| 10.0206 | 


25.7913 


51.5825 
15.3853 
4.5722 


85.9709 
25.6422 
7.6203 
3.0075 


| 120.359 


35.899 
10.6684 
4.2104 


51.2843 
15.2406 
6.0149 
1.9529 


22.8609 
9.0224 
2.9294 
1.1153 


30.4812 
12.0298 
3.9058 
1.4870 


11.7174 


4.4611 | 


1.4895 


.8040 | 


.2959 


5.9481 

1.9859 | 
1.0720 | 
.3946 | 
.1938 | 


7.4351 | 
2.4824 | 
1.3399 | 


.4932 
.2423 


3.1030 | 


1.6749 
.6165 
.3028 
.1270 





34. = 


68.7767 
20.5137 
6.0963 


114.628 


34.1896 
10.1604 
4.0099 


160.479 


soar. 


14.2246 | 


5.6139 


68.3791 
20.3208 
8.0199 
2.6039 


30.4812 


12.0298 | 


3.9058 


1 Sarg | 
| 61.3057 


40.6417 
16.0397 


10.4155 
3.9654 
1.3240 

.7146 


13.0194 


4.9568 | 


1.6549 
.8933 


15.6233 
5.9481 
1.9859 
1.0720 


3946 | 
7.9308 


2.6479 


1.4293 | 


.5261 


.2584 | 
9.9135 | 


3.3099 
1.7866 
.6576 
„3230 


4.1374 | 


2.2332 
‚8220 


.4038 | 
1694 | 





PSI РЕВ FOOT OF SCHEDULE 40 PIPE 


51.873 


103.746 


30.9439 
9.1959 


172.91 


51.5731 
15.3264 
6.0488 


| 242.074 


72.2024 
21.457 


8.4683 | 


| 103.146 
| 30.6529 


12.0975 


3.9278 | 


45.9793 
18.1463 
5.8917 
2.2431 


24.1951 
7.8556 
2.9908 


30.2439 
9.8195 
3.7385 
1.2482 


36.2926 
11.7834 
4.4862 
1.4978 


15.7112 | 


5.9816 


1.9971 | 


1.0780 


19.639 
7.4770 
2.4964 





1.3475 | 


23.5668 | 
8.9724 | 
2.9957 | 


1.6170 
.9952 


11.9632 


3.9942 | 


2.1560 | 


.7936 
.3898 


9920 | 
4873 | 


6.2410 | 


3.3687 


1.2400 | 


.6091 | 


.2555 
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TABLE 2: PRESSURE DIFFERENTIAL IN PSI PER FOOT OF SCHEDULE 80 PIPE 
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Pipe|— Schedule 80 


CORR REN 


~ 11.660 
1.900 


1.050 
1.315 


095 | .215 
119 | .302 
095 | .215 
119 | .302 
126 | 423 
119 | 302 
126 | .423 
.147 .546 
.119 | .302 
.126 | .423 
‚147 .546 
154 | 742 
126 | .423 
147 | .546 
154 | 742 
126 | 423 
147 | 546 
154 | 742 
179 | 957 
147 | 546 
154 | 742 
179 | 957 
191 | 1.278 
.147 .546 

--Ә154-- Ag... 
179 | .957 | 
191 | 1.278 
154 | 17427 
231551. 129.957. 
~ 497 11.278 | 
.200 |1.5 
.154 | .742 
179 | .957 
191 | 1.278 
200 | 1.5 
154 | .742 
179 | .957 
191 | 1.278 
.200 | 1.5 
218 | 1.939 
179 | 957 
191 | 1.278 
200 |15 
218 | 1.939 
.179 | .957 
191 | 1.278 
.200 | 1.5 
.218 | 1.939 
.276 | 2.323 
.191 | 1.278 
.200 1.5 
.218 | 1.939 
.276 | 2.323 
.191 | 1.278 
.200 | 1.5 
.218 | 1.939 
.276 | 2.323 
.300 | 2.900 


2.2579 


17.5797 
4.5158 
1.1733 


7.5264 
1.9555 
7044 


| 10.5369 


2.7371 
.9862 


2113 
619 


22 


33.3232 
8.5600 
2.2240 


14.2666 
3.7067 
1.3353 


19.9733 
5.1894 
1.8694 

.5481 


7.4134 
2.6706 
.7830 


11.1201 
4.0059 
1.1745 

4244 


5.3412 
1.5660 
.5659 
.1779 


6.6765 
1.9575 
„7074 
.2224 


2.3490 
.8489 
.2669 
.1406 


5.4904 | 


50.5328 
12.9807 
3.3726 


21.6346 
5.6210 
2.0249 


30.2884 
7.8694 
2.8349 

.8312 


11.242 
4.0498 
1.1874 


16.863 
6.0747 
1.7811 

.6436 


8.0996 
2.3748 
„8582 
.2698 


10.1245 
2.9685 
1.0728 

.3373 


3.5621 
1.2873 
.4048 
.2133 


4.7495 
1.7164 
.9397 
.2844 


5.9369 
2.1455 


.6746 | 


.3555 
.1273 


8.6569 


67.4008 
17.3137 
4.4984 


28.8562 
7.4973 


2.7008 | 


40.3987 
10.4962 
3.7812 
1.1086 


14.9946 
5.4017 
1.5837 


22.492 
8.1025 
2.3756 

.8585 


10.8033 
3.1675 
1.1447 

„3599 


13.5041 
3.9593 
1.4308 

.4499 


4.7512 
1.7170 
.5399 
.2845 


6.3349 
2.2893 
.7198 
.3793 


7.9187 
2.8617 
.8998 
4741 
‚1698 


3.434 

1.0798 
.5690 
.2038 


4.5787 
1.4397 


.7586 | 


‚2717 
1319 


1.7996 
‚9483 
.3396 
.1649 


2.2495 
1.1853 
.4245 
.2061 
.0848 


42.1166 
10.8188 


84.2332 
21.6376 
5.6218 


36.0627 | 


9.3697 
3.3753 


50.4877 
13.1175 
4.7255 
1.3855 


18.7393 
6.7506 
1.9793 


28.109 

10.126 
2.9589 
1.0729 


13.5013 
3.9585 
1.4305 

.4498 


16.8766 


63.2016 |. 


16.2351 


126.403 
32.4701 
8.4363 


54.1169 
14.0604 
5.0651 


75.7636 
19.6846 
7.0912 
2.0791 


28.1209 
10.1302 
2.9701 


42.1813 
15.1954 
4.4552 
1.6100 


20.2605 
5.9403 
2.1467 

.6750 


25.3256 


14.8506 
5.3668 
1.6875 


.8892 | 


.3185 


6.4401 
2.0250 
1.0670 

„3821 


8.5868 
2.7000 
1.4227 
.5095 
.2473 


3.3750 
1.7784 
„6369 
.3092 


4.2187 
2.2230 
.7961 
«3865 


.1591 | 


84.2687 


21.6467 
168.537 


43.2935 | 


11.2484 


72.1558 | 


18.7473 
.6.7535 


101.018 
26.2462 
9.4549 
2.7721 


37.4945 
13.507 
3.9602 


56.2418 
20.2605 
5.9403 
2.1467 


27.014 
7.9203 
2.8623 

.9000 


33.7675 


bm 3 


15.8407 
5.7246 
1.8000 

.9485 


19.8008 
7.1557 
2.2500 


1.1856 | 


.4246 


8.5868 
2.7000 
1.4227 

.5095 


11.4491 
3.5999 
1.8969 

.6794 
.3298 


4.4999 
2.3712 
.8492 


4122 


5.6249 | 
2.9640 | 


1.0615 
.5123 
.2122 














127.115 | 


32.6529 


254.23 
65.3059 
16.9675 


108.843 
28.2792 
10.1873 


| 152.38 


39.5909 
14.2622 
4.1816 


56.5584 | 


20.3746 
5.9737 


84.8377 | 


30.5618 
8.9606 
3.2382 


40.7491 


50.9364 


14.9342 | 


1.6970 | 
17.9211 | 


6.4764 
2.0364 
1.0730 


23.8948 
8.6352 


2.7152 | 
1.4307 | 


29.8685 
10.794 
3.3940 
1.7884 

.6405 


12.9528 
4.0727 
2.1461 

.7686 


17.2703 
5.4303 
2.8614 
1.0248 

.4975 


6.7879 
3.5768 
1.2810 

.6218 


8.4849 | 


4.4710 
1.6012 
.7773 
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TABLE 2 (CONTINUED) 


| Рре-- Schedule 80 | -- | Pipe — Schedule 80 | 80 





150 | 3.1067 e 5818 | as 0376 ; 6.7499 
| i т .6802 | | 


200 


10.1819 
5.3652 
1.9215 

.9327 | 
.3840 
.2121 


6.2594 
2.2417 


1.0882 | 
.4480 
.2474 


7.1536 

2.5620 | 

1.2436 
.5120 


r 


filtration 


d-23 


fluid|power | | 


ЕЕЕ“ 


TABLE 3; PRESSURE DIFFERENTIAL IN PSI PER FOOT OF SCHEDULE 160 PIPE 





| w| Ріре + Schedule 160 | ТЕТЕ Қатай __|_ Viscosity — SUS | | 
зеге эы T m [32 | too | 200 || 40 | 60 | воо | 100 | 150 | 2000 


| | 
12.7279 
4.2230 


| 
17.8190 
5.9123 

| | 
25.4557 


8.4461 | 
2.7208 


38.1836 
12.6691 
4.0812 | 


50.9114 
16.8922 
5.4416 | 


1 3260 






















13.3643 
4.4342 | 


19.0918 


26.8790 | 
8.9183 


38.3986 | 
12.7405 | 
4.1042: 


57.5979 
19.1107 
6.1563 


76.7972. 
25.4809 

8.2084 
2.0001 






























| 12.7225 
| 4.2213 
| 1.3598 


19.0837 
6.3319 
2.0398 | 


25.445 38.1836 
8.4425 | 12.6691 
2.7197 4.0812 

.6627 .9945 





































11.4486 
3.7986 
1.2237 | 1.6321 


15.2648 | 20.3603 
5.0648 | 6.7554 
1.6316 | 2.1762 | 
.3976 .5303 


15.2702 
5.0666 








































































































504C 6.3310 | 8.4443 | 10.5532 | 15.8364 | 21.1152 | 31.8512 
20395 | 2.7202| 3.3996 | 5.1015 | 6.8020 | 10.2605 
6628 |  .8294 | 1.2431 | 1.6574 | 2.5002 





.3745 .4680 .7023 1.4125 | 


38.2214 | 








SUB | 













































10.1332 | 12.6638 19.0037 25.3383 
3.2643 | 4.0795 6.1218 8.1624 | 12.3126 | 
.7954 | .9940 1.4917 1.9889 3.0002 





.4494 


4.3524 
1.0605 

.5991 
.2360 


5616 | 
5.4393 


.8427 


8.1624 | 
1.9809 
1.1236 
.4425 


1.6950 


16.4168 
4.0003 | 
2.2599 | 

.8900 | 


1.1239 


10.8833 | 
2.6519 | 
1.4982 | 
5900 | 


рр; Жер" 


































































d ае 3. 8751. NERO) 9T қ 5.4405 10.2030 13.6041 20.5210 

мъ 1.3257 49 5.0003 | 
7489 | || _ 1.4046 | 1.8727 | 2.8249 
2050 | [8686 | 5531 | 1.1125 | 



























6.5286 24.6252 | 
1.5908 6.0004 
.8987 3.3899 





.3539 
.1413 


1.3350 | 
.5328 





























2.1201 8.0005 
1.1983 4.5199 
.4719 1.7800 





.1883 .7104 




























2.6513 10.0006 | 
1.4979 5.6498 
.5899 2.2251 





„2354 
.1013 


3.3142 | 
1.8723 | 


8880 
3819 


12.5008 | 
7.0623 
2.7813 
1.1100 

„4774 


8.4747 
3.3376 
1.3320 

.5729 | 
.1944 


9.8872 
3.8938 | 
1.5540 

.6684 
.2268 


4.4501 

1.7760 
.7639 | 

.2592 



























6.2154 | 
3.5114 | 
1.3829 












mm 























2025 
_.0687 
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TABLE 4: PRESSURE DIFFERENTIAL IN PSI PER 
FOOT OF DOUBLE EXTRA HEAVY PIPE 


| Pipe — Double Extra Heavy | = Double Extra | Pipe — Double Extra Heavy | Velocity 


Цане | op | wat | 1 idi EXEECMNE ME NN MN NN NE MN MN. 


9.648 | 1.1121 8.8281 | 13.3873 | 17.8561 | 22.3154 | 33.4872 | 44.6496 | 67.3516 






































































































































































































































































3 | 19.296 | 4.2460 9.3156 | 17.6562 | 26.7747 | 35.7122 | 44.6308 | 66.9745 | 89.2993 | 134.703 
6.506 | .2614 1.0588 | 2.0070 | 3.0435 | 4.0594 | 5.0732 | 7.6129 | 10.1506 | 15.3116 
5 32.160 |11.7061 |16. 29.4270 | 44.6245 | 59.5203 | 74.3846 | 111.624 | 148.832 | 224.505 
10.843 | 4970 | 7919 3.3450 | 5.0724 | 6.7656 | 8.4553 | 12.6882 | 16.9176 | 25.5194 
5.692 | 1340 | .2182 9218 | 1.3979 | 1.8645 | 2.3301 | 3.4967 | 4.6622 | 7.0327 
7 15.180 | 1.3280 4.6829 | 7.1014 | 9.4719 | 11.8374 | 17.7635 | 23.6847 | 35.7271 
7.969 | .2542 1.2905 | 1.9570 | 2.6103 | 3.2622 | 4.8953 | 6.5271 | 9.8458 
| 10 21.685 | 2.6647 | 3.9355 6.6899 | 10.1449 | 13.5313 | 16.9105 | 25.3765 | 33.8353 | 51.0387 | | 
11.384 | .5048 | 8368 1.8436 | 2.7958 | 3.7290 | 4.6602 | 6.9933 | 9.3244 | 14.0654 
5.088 | .0652 3683 | 5584 | 7448 | 09309 | 1.3969 | 1.8625 | 2.8095 
15 | 32.528 | 5.9122 10.0349 | 15.2173 | 20.2969 | 25.3658 | 38.0647 | 50.7529 | 76.5581 |£ 
17.076 | 1.1097 4.1936 | 5.5935 | 6.9904 | 10.4900 | 13.9866 | 21.0981 |= 
7.632 | .1410 8377 | 1.1173 | 1.3963 | 2.0953 | 2.7938 | 4.2142 | Е 
5.064 | .0500 .3687 | .4918 |  .6147 .9224 | 1.2298 | 1.8552 |= 
=. 
20 22.768 | 1.9485 3.4493 5.5915 | 7.4580 | 9.3205 | 13.9866 | 18.6488 | 28.1307 
10.176 | .2426 3885 1.1169 | 1.4897 | 1.8617 | 2.7938 | 3.7250 | 5.6190 
| 6.751 .0855 pre 4917 | .6558|  .8195 | 1.2298 | 1.6398 | 2.4735 
25 | 28.460 | 3.0201 6.9894 | 9.3225 | 11.6506 | 17.4833 | 23.3110 | 35.1634 
12.720 | .3734 INT: 4857 1.3961 | 1.8621 | 2.3271 | 3.4922 | 4.6563 | 7.0237 
8.439 | .1309 № 2 6146 | .8197 | 1.0244 | 1.5373 | 2.0497 | 3.0919 
30 34.152 | 4.3271 8.3873 | 11.1869 | 13.9807 | 20.9799 | 27.9732 | 42.1961 | 
15263 | 5320 | 8201 | 1.0199 1.6753 | 2.2345 | 2.7926 | 4.1906 | 5.5875 | 8.4285 
10.127 | .1859 Г 3063| .2566 7375 | .9837 | 1.2293 | 1.8448 | 2.4597 | 3.7103 
5.424 | .0382 | .0698 | .0736 2116 | .2822| .3527 5293 7057 | 1.0645 
40 | 20.351 .9326 2.2337 | 2.9794 | 3.7234 5.5875 7.4500 | 11.2379 
13.503 | 3242 | _ 5079 | 6309 9833 | 1.3116 | 1.6391 | 2.4597 | 3.2796 | 4.9471 
7.232 | .0660 1139 | 0981 2821 .3763 | .4703 7057 9409 | 1.4193 
| 5.209 | .0289 ШО со 1463 | 01952 | __.2440. |____3661_|____4881. 7363 
50 25439 | 1.4444 | 2.0600 | 2.4610 | 2.9428 | 2.7922 | 3.7242 | 4.8543 | 6.9844 | 9.3125 | 14.0474 
16.878 | 5005 | 7486 | 9253 | 8105 | 1.2292 | 1.6394 | '2:0489-| 3.0746 || 4.0995 | 6.1838 
9.041 3013 | 1683 | .2110| .2325 | 3526 | 04704 | |--5878 | 18821 11162 | 1.7742 
6.511 0441 mE теше! Lees 2440 | || .3049.| 4576. | —-.6101 .9204 
60 30.527 | 2.0673 | 2.8548 4.4691 | 5.5852 | 8.3813 | 11.1750 | 16.8569 
20.254 | .7146 | 1.0526 1.9673 | 2.4587 | 3.6895 | 4.9194 | 7.4206 
| 10.849 | .1439 | 2310 5644 | .7054 | 1.0585 | 1.4114 | 2.1290 
| 7.814 | .0625 | .1057 2928 | .3659 5491 7322 | 1.1044 
80 27.005 | 1.2565 | 1.7567 2.6231 | 3.2782 | 4.9194 | 6.5592 | 9.8941 
14465 | 2513 | 3876 ПТ 4720] 3721 7526 | .9405 | 1.4114 | 1.8818 | 2.8387 
10.418 | .1086 | 1748 | 22167 |  .1930 .3904 | .4879 7322 .9762 | 1.4726 
6.177 | .0289 | .0499 | 0631 .0679 1372 | .1715 .2574 .3432 5177 
100 33.757 | 1.9500 | 2.6371 3.2789 | 4.0978 | 6.1492 | 8.1990 | 12.3677 
18.081 3883 |  .5761 | .9407 | 1.1757 | 1.7642 | 2.3523 | 3.5483 
13.023 | .1673 | 2621 383 4880 | .6099 9152 | 1.2203 | 1.8407 
7.721 .0442 | 0739 E 1715 | .2144 3217 4290 6471 
5.489 | 0187 | .0327 | | 0429 | 0867 | .1083 1626 2167 3270 
125 22.602 | 6010 | .8615 1.1759 | 1.4670 | 2.2053 | 2.9404 | 4.4354 
16.279 | 2583 | 3886 5597 6100 | .7623 | 1.1440 | 1.5253 | 2.3009 
9.652 | .0679 | (1108 1060 2144 | .2680 4022 5362 .8088 
6.861 | 0286 | .0489 .0536 .1084 | .1354 .2032 2709 4087 
5.139 | 0138 | .0242 0301 0608 | 0759 „1140 1520 2293 
150 27.122 | .8598 | 1.1889 | 1.3960 | 1.6643 АЕ 1.4111 | 1.7635 | 2.6463 | 3.5285 | 5.3225 
19.534 | .3688 | .5396 6392 7644 | 8652 | 7320 | 9148 | 1.3728 | 1.8304 | 2.7611 
11.582 | .0966 | .1525 2225 | 1929 | (2573 |  .3216 .4826 .6434 .9706 
8.233 | .0406 | .0676 0643 | .0975 | 1300 |  .1625 .2438 .3251 4904 
6.167 | 0196 | .0339 0361 0547 | .0730]  .0912 1368 1824 2752 
175 31.642 | 1.1647 | 1.5724 2.4391 2.0574 | 3.0874 | 4.1165 | 6.2096 
22.790 | 4988 | .7066 1.0673 | 1.6016 | 2.1355 | 3.2212 
13.512 | .1303 | .2009 .3752 ‚5630 | | .7568 | 1.1324 
| 9.605 | .0546 | .0883 .1896 2845 3793 5722 
7.195 | 0263 | .0444 1064 1596 2128 3210 
200 36.162 | 1.5157 | 2.0058 | 8.0665. 2.3513 | 3.5285 | 4.7046 | 7.0966 
26.046 | 6484 | 8994 1.4105 | 15382 | 1.2198 | 1.8304 | 2.4405 | 3.6814 
15.443 | 1690 | 22532 | . 4115 Г 3431 .4288 .6434 .8579 | 1.2941 
| 10.977 | .0707 | 11120 | 1300 | .1734 | 2167 | 3251 4335 | .6539 
8.222 .0339 | .0559 [ 0680 | 0822 0729 | .0973 |  .1216 | .1824 .2432 | .3669 





d-25 








| 
fluid power 









T 






































































3.4390 
4.1119 
6.0434 


50.1989 
67.9534 
8.8780 
B.2238 
12.0868 
2.0827 
2.7264 
3.2743 
3.7992 


11.4633 





20.1447 
3.4712 
4.5441 
5.4579 
6.3320 
1.2508 
1.5385 
1.7680 
1.9766 


16.0486 
19.1889 
28.2026 
4.8596 
6.3617 
7.6410 
8.8648 
1.7511 
2.1539 
2.4752 
2.7673 

.9194 
1.0283 
1.1244 
1.2319 


6.9423 
9.0881 
10.9158 
12.6640 
2.5015 
3.0771 


3.5360 | 


3.9533 
1.3134 


1.4690 | 


1.6063 
1.7599 
2.0405 


10.4135 






219705) 3358 | 


25.0995 | 
33.9767 















1.4283 | 





































1103.048 |137.445 |171.770 | 257.764 
10.4301 | 13.9117 | 17.3859 | 26.0899 
12.4709 | 16.6338 | 20.7878 | 31.1949 

18.3290 | 24.4473 | 30.5527 | 45.8484 

| 3.1583 | 4.2126 | 5.2646 7.9002 
4.1345 | 5.5146 | 6.8918 | 10.3421 | 
4.9660 | 6.6236 | 8.2777 | 12.4219 


17.3835 
13.7063 | 


23.1862 | 28.9766 43.4832 

20.7849 | 27.7230 | 34.6464 51.9916 
30.5484 | 40.7455 | 50.9212 76.4140 
5.2638 7.0209 | 8.7743 13.1670 
6.8908 11.4863 17.2368 
8.2766 13.7962 20.7031 
9.6022 16.0059 24.0189 
1.8967 3.1617 4.7445 
2.3331 3.8891 5.8360 
2.6811 4.4690 6.7064 
2.9975 4.9965 7,4979 






| 63.4456 | 95.2086 










| 85.8851 | 128.882 | 
8.6930 13.0450 
10.3939 15.5975 | 
12. 2237 | 15.2764 | 22.9242 
















76.1240 |101.534 126.891 190.417 































5.7613 7.6844 9.6035 14.4114 | 



















































126.945 
















BLE 5: PRESSURE DIFFERENTIAL IN PSI PER FOOT OF TUBE 





171.843 


17.3933 | 
20.7966 | 


30.5656 


253.889 

343.685 
34.7866 
41.5982 
61.1312 
10.5336 









13.7894 | 


16.5625 
19.2151 


57.9776 
69.3221 
101.885 
17.5560 
22.9824 
27.6041 
32.0252 
6.3260 
7.7814 
8.9419 
9.9972 









































191.489 
259.215 
26.2368 
31.3706 
46.1066 


| 382.979 
| 518.431 
52.4737 
62.7412 
92.2151 
15.8894 | 
20.8006 
24.9836 
28.9850 


87.4561 
104.569 
153.689 

26.4823 

34.6677 

41.6394 

48.3083 

9.5424 

11.7378 
13.4883 
15.0802 









































































































































































































































10.5277 | 14.0418 | 17.5486 | 26.3340 
13.7817 | 18.3820 | 22.9727 | 34.4736 
16.5532 | 22.0786 | 27.5925 | 41.4062 | 
19.2043 | 25.6148 | 32.0117 | 48.0378 | 
3.7935 | 5.0597 | 6.3233 9.4890 
4.6662 | 6.2238 | 7.7781 11.6721 
5.3621 7.1520 | 8.9381 13.4128 | 
5.9949 | 7.9961 | 9.9930 | 14.9958 
1.9917 | 2.6565 | 3.3199 | 4.9820 
2.2277 | 2.9713| 3.7133 5.5723 
2.4358 | 3.2489 | 4.0602 6.0929 
2.6688 | 3.5597 | 4.4486 6.6758 


3.0942 4.1271 5.1578 7.7400 
























15.7915 | 21.0627 | 26.3229 39.5010 
20.6725 | 27.5730 | 34.4590 51.7103 
5.6902 7.5896 9.4850 | 14.2334 
6.9993 11.6671 17.5081 


8.0412 
8.9924 
2.9875 
3.3415 
3.6537 
4.0032 
4.6414 


13,4071 
14.9895 


20.1192 






















81.1687 
97.0509 















































24.3369 | 32.4606 | 40.5672 | 60.8765 
29.0989 | 38.8122 | 48.5050 | 72.7882 
42.7678 | 57.0438 | 71.2896 | 106.980 
7.3694 | 9.8293 | 12.2840 | 18:4338 
9.6472 | 12.8674 | 16.0809 | 24.1315 
11.5872 | 15.4551 | 19.3147 | 28.9843 
13.4430 | 17.9303 | 2214082 | 33.6265) 
2.6554 | 3.5418 | 4.4263:|| 6:6423 | 78: 
3.2663 | 4.3567 | 5.4447 | 8.1705 
3.7535 | 5.0064 | 6.2567 | 9.3890 
4.1965 | 5.5973 | 6.9951 | 10.4971 
1.3942 | 1.8595 | 2.3239 | 3.4874 | 
1.5594 | 2.0799 | 2.5993 | 3.9006 
1.7051 | 2.2742 | 2.8422 | 4.2650 
1.8682 | 2.4918 | 3.1140 | 4.6730 
2.1660 | 2.8890 | 3.6105 | 5.4180 


35.1120 
45.9648 
55.2083 


64.0505 | 


12.6519 
15.5628 
17.8837 
19.9944 
6.6426 
7.4297 


B.1237 | 


8.9010 
10.3200 


52.6680 | 


68.9471 
18.9779 
23.3441 
26.8256 


29.9916 | 
9.9639 | 
11.1446 


12.1858 
13.3515 









15,4799 





122.439 
146.396 
215.164 
37.0752 
48.5347 
58.2951 
67.6317 
13.3593 | 
16.4329 | 
18.8836 
21.1123 
7.0140 
7.8451 
8.5781 
9.3987 
10.8970 


52.9645 
69.3353 
83.2787 
96.6167 | 
19.0848 | 
23.4756 
26.9766 
30.1605 | 
10.0200 
11.2073 
12.2544 
13.4267 
15.5671. 


79.4468 
104.003 
28.6272 
35.2134 
40.4649 
45.2407 
15.0300 
16.8110 
18.3816 
20.1400 
23.3506 






















































































































TABLE 5 (CONTINUED) 


Ys 


Ув 
Yı 





1.0 


| 1.25 


750 


1,0 


1.25 


625 
750 


1.0 


.065 
.072 
.083 


__095__ 


109 | 
120 | 


| 035. 
„| 049. 


058 
.049 
.058 
.065 
.072 
.083 
.049 
.058 
.065 
.072 
.083 
.095 
.109 
.120 
.065 
.072 
.083 
.095 


109 | 
120 | 


.035 
.049 


058 | 


.065 
.072 


083 | 


.049 


.058 | 


.065 
.072 


.083 | 


_095 


‚8156 
‚8841 
.9424 

1.0056 
1.1159 
1.2542 
1.4437 
1.6182 


7.5869 
9.3324 
10.7242 
11.9899 
3.9833 
4.4553 
4.8716 
5.3376 
6.1885 
1.0875 
1.1788 
1.2565 
1.3407 
1.4879 
1.6722 
1.9249 
2.1577 
.4575 
.4811 
.5213 
.5702 
.6346 
.6918 


9.4836 
11.6655 
13.4052 

4.9792 

5.5692 

6.0895 

6.6720 

7.7356 

1.3593 

1.4735 

1.5706 

1.6759 

1.8599 

2.0903 

2.4061 

2.6971 

.9718 
.6013 
.6517 
1127 
1933 
.8647 


11.3803 
5.9750 
5.6830 
7.3074 
8.0064 
9.2827 
1.6312 
1.7682 
1.8847 
2.0111 
2.2318 
2.5083 


1.0878 | 
1.1792 
1.2569 
1.3412 
1.4884 
1.6728 
1.9256 
2.1584 


10.1194 
12.4476 
14.3040 
15.9921 
5.3130 
5.9425 
6.4977 
7.1193 
8.2542 
1.4504 
1.5722 
1.6759 
1.7883 
1.9846 
2.2304 
2.5674 
2.8779 
.6102 
.6417 
.6954 
7605 
8465 
9227 


12.6493 


15.5595 | 


17.8799 


6.6412 


7.4282 
8.1221 
8.8991 
10.3178 
1.8131 
1.9653 
2.0949 
2.2353 
2.4807 
2.7880 
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1.3595 
1.4737 
1.5708 
1.6762 
1.8601 
2.0906 
2.4065 
2.6974 


12.6466 
15.5562 
17.8762 
19.9860 
6.6398 
7.4266 


8.1204 
8.8972 


10.3156 
1.8127 
1.9649 


2.0944 | 


2.2349 
2.4802 
2.7874 
3.2086 
3.5966 
.7626 
.8019 
.8690 


.9504 | 


1.0579 


1.1531 | 


15:8082-| 
19.4452... 
22.3452 | 


8.2998 
9.2832 
10.1505 
11.1215 
12.8945 
2.2658 
2.4561 
2.6181 
2.7956 
3.1002 
3.4843 
4.0108 
4.4957 


.9532 


1.0024 
1.0863 
1.1880 
1.3223 
1.4414 


18.9699 

9.9597 
11.1399 
12.1806 
13.3459 
15.4734 


2.0401 
2.2114 
2.3572 
2.5153 
2.7914 
3.1372 
3.6112 
4.0479 


18.9779 
23.3441 
26.8256 
29.9916 
9.9639 
11.1446 
12.1858 
13.3515 
15.4799 
2.7202 
2.9486 
3.1430 
3.3537 
3.7218 
4.1829 
4.8150 
5.3972 
1.1443 
1.2034 
1.3041 


1.4263. 


1.5875 


1.7304. 


23:7224 


29.1803 | 
33.5320 | 


12.4549 
13.9307 
15.2322 
16.6894 
19.3499 
3.4002 
3.6857 
3.9287 


4.1921 | 


4.6523 
5.2287 
6.0187 
6.7465 
1.4304 
1.5042 
1.6301 
1.7828 
1.9843 
2.1629 


28.4669 
14.9459 
16.7169 
18.2787 
20.0272 
23.2199 
4.0802 
4.4229 
4.7145 
5.0306 
5.5827 


6.2744 | 


2.7202 
2.9486 
3.1430 
3.3537 
3.7218 
4.1829 
4.8150 
5.3972 


25.3039 
31.1255 
35.7675 
39.9888 
13.2852 
14.8594 
16.2477 
17.8020 
20.6399 
3.6269 
3.9314 
4.1907 
4.4716 
4.9624 
5.5772 
6.4200 
7.1962 
1.5258 
1.6045 
1.7388 
1.9017 
2.1166 
2.3071 


31.6299. 


38.9069 
44.7093 
16.6065 
18.5743 
20.3096 
22.2525 
25.7999 
4.5336 
4.9143 
5.2383 
5.5895 
6.2030 
6.9716 
8.0250 
8.9953 
1.9072 
2.0056 
2.1735 
2.3771 
2.6458 
2.8839 


37.9558 
19.9278 
22.2891 
24.3716 
26.7030 
30.9599 
5.4403 
5.8971 
6.2860 
6.7074 
7.4437 
8.3659 


4.1032 | 


4.4478 
4.7410 
5.0589 
5.6142 


6.3097 | 


7.2631 


8.1413 | 
38.1695 | 


46.9512 
53.9533 
60.3209 
20.0400 


22.4146 | 


24.5088 
26.8533 
31.1342 
5.4710 
5.9303 
6.3214 
6.7452 
7.4856 
8.4130 


9.6842 | 


10.8551 
2.3015 
2.4203 
2.6228 
2.8686 


3.1928 | 


3.4802 


47.7119 
58.6890 
67.4416 
25.0500 
28.0183 
30.6360 
33.5667 
38.9177 

6.8387 

7.4129 

7.9017 


8.4315 | 
9.3570 


10.5162 
12.1052 
13.5689 
2.8769 
3.0254 
3.2786 
3.5857 
3.9910 


4.3502 | 


57.2543 


30.0601 | 


33.6220 
36.7632 
40.2800 
46.7013 
8.2064 
B.8955 





9.4821 | 


10.1178 
11.2283 
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40 


50 


| 
fluid power 





17 


У 


1% 


1% 


Л 


1% | 





20.038 - 


21.215 
9.769 
10.017 
10.428 
10.906 
11.506 
12.012 
6.529 
6.664 
6.886 
7.140 
7.456 
7.718 
8.073 
8.682 
9.699 


38.434 
20.081 
20.907 
21.586 
22.298 
23.489 
24.902 
26.717 
28.286 
13.025 
13.357 
13.904 
14.541 
15.341 
16.016 
8.705 
8.886 
9.181 
9.521 
9.941 
10.291 
10.764 
11.576 
12.932 
6.226 
6.335 
6.512 
6.714 
6.961 
7.166 
7.439 
7.901 
8.654 


25.102 
26.134 
26.982 
27.872 


| 29.362 


31.128 
33.397 
35.358 
16.281 
16.696 
17.380 
18.176 
19.176 
20.020 
10.881 
11.107 
11.476 
11.901 
12.426 


.7033 
.8054 
1277 
.1355 
.1491 
.1658 
.1883 
.2086 
0490 
0515 
0556 
0606 
0672 | 
0730 | 
0812 | 
0965 | 
11255 | 


2.7595 


= -Ь 


— мм м = жыл — 


.5906 
.6499 
.7011 
./573 
.8570 
.9845 
1635 
3324 
‚2112 
‚2242 
„2467 
‚2743 
.3115 
.3451 |. 
.0811 | 
.0852 
‚0920 
‚1003 
‚1112 
.1207 
.1343 
.1596 
.2077 
.0366 
.0381 
.0407 
.0438 
.0477 | 
.0511 
0558 
‚0644 
0800 


8727 
.9604 
.0361 
.1190 
.2664 
.4548 
7194 
.9689 
3121 
3313 
.3645 
.4054 
.4604 
.5100 
.1199 
„1259 
.1360 
.1483 
.1643 


Viscosity — 505 


.6345 
.6876 | 
7520 
‚8370 
.9123 
.2695 
.2808 


.2998 | 


„3224 | 


„3515 


„3767 | 
.4121 


.4766 | 


.5948 
.1378 
.1427 
‚1508 
‚1603 
.1723 
.1826 
.1968 
.2220 
.2664 


| 2.6655 


2.9333 
3.1644 
3.4179 
3.8679 
4.4433 
5.2513 
6.0137 





10.6259 
2.9009 
3.1445 
3.3518 
3.5765 
3.9691 
4.4609 
5.1349 
5.7558 
1.2204 
1.2833 
1.3907 
1.5210 
1.6929 
1.8453 

.5451 
.5680 
.6064 
.6520 
‚7109 
.7619 
.8335 
.9640 
1.2031 
.2788 
.2887 
.3050 
.3242 
.3486 
.3694 
.3981 
.4491 
.5388 


3.6261 
3.9306 
4.1898 
4.4707 
4.9614 
5.5761 
6.4186 
7.1947 
1.5254 
1.6042 
1.7384 
1.9013 
2.1162 
2.3067 

.6814 

.7100 

.7580 

.8150 


13.2796 
3.6254 
3.9298 
4.1889 
4.4697 
4.9603 
5.5749 
6.1473 
7.1932 
1.5251 
1.6038 


„8886 | 1. 


19.9278 
5.4403 
5.8971 
6.2860 
6.7074 
7.4437 
8.3659 
9.6299 

10.7943 


10.4573 


12.0374 | 
13.4929 | 
2.8608 | 


3.0084 
3.2602 
3.5656 
3.9686 
4.3259 
1.2778 
1.3314 
1.4215 
1.5285 
1.6665 


26.5704 
7.2538 
7.8629 
8.3813 
8.9432 
9.9249 


11.1545 | 


12.8399 
14.3925 


10.4766 
11.1790 
12.4061 
13.9431 
16.0499 


17.9906 | 


3.8144 
4.0112 
4.3469 
4.7541 
5.2915 


5.7679 | 


1.7038 
1.7753 
1.8953 
2.0381 
2.2220 








14.5262 | 


16.2827 
3.4523 


3.6304 | 


3.9343 
4.3029 
4.7892 
5.2203 





1.5421 | 


1.6067 
1.7154 
1.8446 


2.0111 | 


2.1553 
2.3580 
2.7212 
3.4034 


40.0801 


10.9419 | 


11.8607 


12.6428 | 


13.4904 
14.9711 
16.8259 
19.3683 
21.7102 
4.6031 
4.8406 
5.2457 
5.7371 
6.3856 
6.9604 
2.0561 


2.1423 | 


2.2872 
2.4594 
2.6814 
2.8737 
3.1440 
3.6362 
4.5379 
1.0516 
1.0888 
1.1505 
1.2230 
1.3149 


1.3932 | 


1.5015 
1.6939 
2.0322 


13.6774 
14.8259 
15.8034 
16.8630 
18.7139 
21.0324 
24.2104 
27.1378 


5.7538 | 


6.0507 
6.5571 
7.1714 


7.9820 | 


8.7005 


2.5701 | 


2.6779 
2.8589 


3.0743 | 
3.3518 | 
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11.1655 
12.5488 
3.4330 


10.8806 
11.7943 
12.5720 
13.4148 
14.8873 
16.7317 


4.5773 | 


4.8135 
5.2163 


39:7 050. 


6.3498 
6.9214 
2.0446 
. 2.1303 
— 2.2744 
2.4457 
2.6664 
2.8576 
3.1264 
3.6159 
4.5125 


1.0457 | 


1.0827 
1.1441 
1.2161 
1.3075 
1.3854 


1.4931 | 


1.6844 
2.0209 
.6366 
.6711 
.7142 
.7506 
.8004 
.8871 
1.0355 
1.2161 


6.1031 
6.4180 
6.9551 
7.6067 
8.4664 
9.2286 
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16.4128 
17.7910 
18.9641 
20.2356 
22.4567 
25.2389 
6.9046 
7.2609 
7.8685 
8.6057 
9.5784 
10.4406 
3.0841 
3.2135 
3.4307 
3.6891 
4.0222 
4.3105 
4.7159 
5.4544 
6.8068 
1.5774 
1.6332 
1.7258 
1.8345 
1.9723 
2.0898 
2.2523 
2.5408 
3.0483 
„9603 
1.0123 
1.0774 
1.1323 
1.2073 
1.3382 
1.5620 
1.8345 


9.2061 
9.6812 
10.4914 
11.4743 
12.7712 
13.9208 
4.1121 
4.2846 
4.5743 
4.9189 
5.3629 
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TABLE 5 (CONTINUED) 


| Te | 














рт ИЗИН ИНИ И De pes pus pe | за 
1% 1.5 .120 | 1.260 .0569 | 1.9043 2.8576 5.7473 
| „134 | 1.232 2.0834 3.1264 . 6.2879 | 
.156 | 1.188 2.4096 3.6159 | 7.2725 | 
| 188 | 1.124 3.0071 4.5125 | 9.0758 
113), | 1.75 | .065 | 1.620 .6969 1.0457 | 1. 2.1032 
.072 | 1.606 .7218 1.0827 | 1. 2.1775 
083 | 1.584 .7624 1.1441 2.3011 | 
095 | 1.560 8104 | 1.2161 : 2.4460 
109 | 1.532 .8713 1.3075 | 2.6298 
.120 | 1.510 .9232 1.3854 | | 2.7864 
.134 | 1.482 .9950 1.4931 | | 3.0030 
.156 | 1.438 1.1225 1.6844 | 3.3878 
| .188 | 1.374 1.3467 2.0209 | 4.0645 
2 0 083 | 1.834 4242 6366 1.2804 
095 , 1.810 4472 6711 | | 4.3497 
.109 | 1.782 4760 7142 | | 1.4365 
120 | 1.760 .5002 .7506 1.5097 | 
134 | 1.732 5334 .8004 1.6098 | 
.156 | 1.688 .5912 .8871 1.7843 
.188 | 1.624 .6900 1.0355 2.0826 | 
| .220 | 1.560 .8104 1.2161 2.4460 
ту | 1.25 065 | 1.120 3.8128 5.7216 11.5077 | 
| .072 | 1.106 4.0096 6.0169 | 12.1015 
.083 | 1.084 4.3451 6.5204 | 13.1142 
.095 | 1.060 4.7522 | 7.1313 | 14.3428 
.109 | 1.032 5.2893 7.9373 | 15.9639 
1% |1.5 .065 | 1.370 1.7031 2.5557 i 5.1402 
072 | 1.356 1.7745 | 2.6629 | 5.3558 
.083 | 1.334 1.8945 | 2.8429 | 5.7179 
.095 | 1.310 2.0372 | 3.0571 | 4. | 6.1486 
Ей 77109” 71:282- 222211” 3. 33301 |774:4440)| 6.7036 
шш - 434 |1232 2 6042, 3.9079 | 5221067 7.8599 | 
(т =| | .156 1111887 0120" 4:51994| 6.02652] 9.0906 | 
|188 24. 3.7588. 5:6400 (5208 | 11.3447 
[її [175 | .085 | 1.620 “8711 | 1.3072 | 1.7429 | 2.6291. 
.072 | 1.606 .9018 1.3533 | 2.7219 | 
.083 | 1.584 .9530 1.4301 2.8763 | 
.095 | 1.560 1.0130 1.5202 я 3.0575 
.109 | 1.532 1.0891 1.6344 3.2872 
.120 | 1.510 1.1540 1.7317 | 3.4830 
.134 | 1.482 1.2437 1.8664 i 3.7538 
.156 | 1.438 1.4031 2.1055 В | 42347 
.188 | 1.374 1.6833 2.5261 | 5.0806 
2 |20 083 | 1.834 5303 .7958 | 
.095 | 1.810 5590 .8388 
| .109 | 1.782 5950 .8928 
.120 | 1.760 6253 9383 
134 | 1.732 6667 1.0005 
156 | 1.688 7390 1.1089 
188 | 1.624 8625 1.2943 
220 | 1.560 1.0130 1.5202 
1% |15 065 | 1.370 2.1288 3.1946 
072 | 1.356 2.2181 3.3286 
083 | 1.334 2.3681 3.5537 
095 | 1.310 2.5465 3.8213 
109 | 1.282 2.7764 4.1663 
120 | 1.260 2.9754 | 4.4650 
134 | 1.232 3.2552 4.8849 
156 | 1.188 3.7650 5.6498 
13, [1.75 065 | 1.620 1.0889 1.6340 
| 072 | 1.606 1.1273 1.6917 
| .083 | 1.584 1.1913 1.7876 
| 2095 | 1.560 1.2663 1.9002 
109 | 1.532 1.3614 2.0430 
120 | 1.510 1.4425 2.1647 
134 | 1.482 1.5547 2.3330 
.156 | 1.438 1.7538 2.6319 
.188 | 1.374 2.1042 3.1576 
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125 


200 


о Tube 


lay. 
1% | 


е 





1.834 
1.810 
1.782 
1.760 
1.732 
1.688 
1.624 
1.560 


1.370 
1.356 
1.334 
1.310 
1.282 
1.260 
1.620 


| 1.606 


1.584 
1.560 
1.532 
1.510 
1.482 


1.438 | 


1.374 
1.834 
1.810 
1.782 
1.760 
1.732 
1.688 
1.624 


1.560 | 


| 1.370 | 
| 1,356 | 


|- 1,620 


| 1.606 | 


1.584 
1.560 
1.532 
1.510 
1.482 
1.438 
1.374 
1.834 
1.810 
1.782 
1.760 
1.732 
1.688 
1.624 
1.560 


1.620 | 


1.606 
1.584 
1.560 
1.532 
1.510 
1.482 
1.438 
1.834 
1.810 
1.782 
1.760 
1.732 
1.688 
1.624 


| 1.560 


ЕЕ НЕ за на на нЕ ме BE B 


ЕР5 
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TABLE 6: PRESSURE DIFFERENTIAL IN PSI PER FOOT OF HOSE 







































ұсап Е | Viscosity — SUS 
17.427 | 43.6809 | 58.2617 72.8118 | 109. 264 | 145.685 _ 219.758 | 
9.803 .8372 | 13.8209 18.4344 23.0381 34.5717 46.0957 69.5328 
6.274 .2901 5.6611 7.5507 9.4364 14.1606 18.8808 28.4806 | 


















































34.855 11.0435 | 87.3618 | 116.523 145.624 | 218.528 | 291.370 439.516 
19.606 2.8161 27.6418 36.8687 | 46.0762 69.1435 92.1913 | 139.066 
12.548 .9757 ) 11.3221 15.1014 18.8728 28.3212 37.7616 56.9613 
7.4229 .2804 2.6128 3.9622 5.2848 6.6046 9.9112 13.2149 19.9339 






























































































32.676 6.8847 16.0271 30.3801 46.0697 61.4479 76.7937 | 115.239 153.652 231.776 | 

20.913 2.3854 | 5.0822 | 6.5647 12.4437 18.8702 25.1691 31.4547 47.2020 62.9359 94.9355 

12.372 .6856 1.0310 2.2974 4.3547 6.6037 8.8081 11.0077 16.5186 22.0248 33.2232 
8.169 .2559 .4495 1.0017 1.8988 2.8794 3.8405 4.7996 7.2025 9.6033 14.4860 | 
5.228 0886 4103 7177 1.1794 1.5731 1.9659 2.9501 3.9335 5.9335 





.1841 



















































































































































































































29.278 4.2982 9.1906 | 17.4211 | 26.4182 | 35.2367 | 44.0366 | 66.0827 88.1103 | 132.910 | 
17.320 1.2354 8.2163 | 6.0966 | 9.2452 | 12.3313 | 15.4108 | 23.1260 30.8347 | 46.5125 | 
11.437 4610 1.4024 2.6583 | 4.0311 5.3767 6.7195 | 10.0834 13.4446 | 20.2804 | 
7.320 .1597 .5744 1.0888 1.6511 2.2023 2.7523 4.1302 5.5069 8.3069 
5.083 .0672 2770 5251 .7963 1.0621 1.3273 1.9918 2.6557 4.0060 
24.743 2.3061 4.5947 8.7095 | 13.2074 | 17.6161 | 22.0155 | 33.0372 44.0496 66.4464 | 
16.338 .8606 | 3.7975 5.7587 7.6810 9.5992 | 14.4049 19.2065 28.9720 
10.457 | .2982 1.5555 2.3588 3.1461 3.9318 5.9002 7.8670 11.8669 | 
7.261 .1254 то 1.1375 1.5172 1.8961 2.8454 3.7939 5.7229 
5.335 0603 4049 6140 8190 1.0235 1.5359 2.0478 3.0891 
37.114 4.6885 4 | 13.0642 | 19.8111 | 26.4242 | 33.0232 | 49.5558 66.0743 99.6696 
24.507 1.7497 _ | 5.6963 8.6381 | 11.5215 | 14.3988 | 21.6073 28.8098 | 43.4580 
15.685 .6062 2.3332 3.5382 4.7192 | 8.8504 11.8005 17.8004 | 
10.892 .2550 1.1252 1.7063 2.2759 | 4.2681 5.6908 8.5843 | 
8.002 .1226 .6073 .9210 1.2285 2.3038 3.0718 4.6336 | 
6.127 .0650 .3560 5399 7201 1.3505 1.8006 2.7161 




























































732876 | 2.8946 7.5950 | 11.5174 | 15.3620 57.9440 
| 20,913 | 1.0029 3.1109 4.7175 6.2923 23.7339 
| 14,623 - 17 4219 1.5003 2.2751 3.0345 11.4457 | 
| 10.670: | к .2028 .8098 1.2280 1.6379 | 6.1781 | 
| 8л69--|- .1076 E^ 7198 9601 1999 | 71:нодбли | 2460 3.6215 | 

6.455 0615 .2963 .4494 .5994 7491 1.4988 | 2.2609 | 

5.228 .0373 „1944 .2948 .3933 .7375 9834 1.4834 | 

































26.141 1.4821 _ 3.8578 | 3.8887 



















































5.8969 7.8653 14.7506 19.6675 29.6673 

18.154 .6234 3281 | 1.6227 1.8753 2.8438 3.7931 7.1135 9.4847 14.3072 
13.337 2997 | 6386 1.0123 1.5350 2.0474 3.8397 5.1196 7.7227 | 
10.211 .1590 .5934 .8998 1.2002 2.2508 3.0010 4.5269 | 
8.068 .0908 .3704 .5617 .7493 1.4051 1.8735 2.8261 | 

6.535 .0551 .2430 .3686 .4916 .9219 1.2292 1.8542 

5.401 0350 | .1660 .2517 .3358 .6297 .8396 1.2665 
































































































































































31.369 2.0391 4.6664 7.0763 9.4384 11.7955 17.7007 23.6010 35.6008 
21.784 .B577 1.8273 2.2504 3.4126 4.5517 5.6884 8.5362 11.3816 17.1686 
16.005 | .4124 1 .2147 1.8420 2.4569 3.0705 4.6077 6.1435 9.2672 
12.254 .2187 71 20 1.0798 1.4402 1.7999 2.7009 3.6012 5.4323 
9.682 .1250 „4445 „6741 .8991 1.1236 1.6862 2.2482 3.3913 | 
7.842 0758 2916 ‚4423 .5899 1372 1.1063 1.4751 2.2251 
6.481 0482 | .1992 .3021 .4029 8035 7556 1.0075 1.5197 
5.446 .0319 | . 1406 .2133 .2845 | .3555 .5335 7114 1.0730 
29.046 1.4189 3.0005 4.5501 6.0689 7.5846 11.3816 15.1755 22.8915 
21.340 |  .6823 1.6196 2.4560 3.2759 4.0940 6.1435 | 8.1914 12.3562 
16.338 .3618 .9494 1.4397 1.9203 2.3998 3.6012 4.8016 7.2430 
12.909 .2068 .5927 .8988 1.1988 1.4982 2.2482 2.9976 4.5218 
10.457 1254 | 2601 | 3889 5897 ./865 .8830 1.4751 1.9668 2.9667 
8.642 0797 | 169 - ТШ _-2075. pos .4028 .5372 „6714 1.0075 1.3433 2.0263 
7.261 .0527 .2844 .3793 | .4740 7134 .9485 1.4307 



































































36.307 2.0968 5.6876 7.5862 9.4807 14.2271 18.9694 28.6143 

26.675 1.0082 3.0700 4.0948 5.1175 7.6794 10.2392 15.4453 

20,423 5347 1.7996 2.4003 | 2.9998 4.5015 | 6.0020 9.0538 
16.137 .3056 1.1235 1.4985 | 1.8727 2.8103 3.7470 5.6522 | 
13.071 ‚1853 71371 .9832 1.2287 1.8438 2.4584 3.7084 
10.802 |  .1178 .5035 .6715 .8392 1.2594 1.6791 2.5329 
9.077 0779 .3555 4741 9925 .8892 1.1856 1.7884 
6.213 .0317 .1666 .2222 .2776 .4166 | 5555 


..8380 | 
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TABLE 6 (CONTINUED) 
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| Flow | Viscosity — SUS 
GPM | Size | ID | | 32 | 100 | 200 | 40 | 60 | воо | 100 | 150 | 200 | 300 — 
50 2 | .0391 : | | , .3751 
60 | 8.6108 | | | | | 12.2871 
7.2025 
4.4965 
2.9501 
2.0150 
1.4227 
.6666 
.4502 
80 9.6033 
5.9953 
3.9335 | 
2.6866 = 
© 
E 
= 
100 11.3044 
| 7.4168 
5.0658 
3.5768 
1.6760 | 
1.1317 
.5691 
125 9.2710 
6.3323 | 
4.4710 
2.0950 
1.4147 
7114 
75 11.1253 
| 7.5987 
| 5.3652 | 
| 2.5140 
1.6976 
8537 | 
1175 8.8652 
| 6.2594 
2.9330 | 
1.9805 
9960 | 
7.1536 


200 





3.3520 
2.2634 
1.1382 
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TABLE 7: PRESSURE DIFFERENTIAL IN IN. Hg PER FOOT OF SCHEDULE 40 PIPE 





Pipe -- Schedule 40 | velocity 
FPS 


10.4371 | 15.6622 | 20. | 31.5009 | 
3.1017 4.6545 | 6 | 9.3614 | 
1.2241 1.8370 | 2. | 3.6946 | 


6.2034 | 9.3090 12.4120 18.7228 
2.4482 3.6739 | 4.8985 7.3892 
./949 | 1.1928 1.5905 2.3991 | 
.3026 | .4541 .6055 9134 


4.0804 6.1232 | 8.1642 12.3153 
1.3248 1.9881 2.6508 

.5044 .7569 1.0092 

.1684 .2527 | .3369 


‚8547 2.7833 3.7110 
.7061 1.0600 1.4129 
.2358 .3538 4717 
1273 .1910 .2546 


.0088 .5138 2.0184 
.3368 .5054 .6739 
.1818 .2728 .3638 


‚5052 7581 | 1.0108 
2727 4092 | .5456 
1004 1506 .2008 
.0493 | ‚0987 
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TABLE 7 (CONTINUED) 


Velocity 
FPS 


* 


.0388 
.0212 | 
0072 








00407| 0033 
L| сон 
0354 | 0437 
0119 | 20151 


.0050 ‚0063 
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TABLE 8: PRESSURE DIFFERENTIAL IN IN. Hg PER FOOT OF TUBE 

















Viscosity ~ — -SUS _ 


Saepe теге” Velocity 
| 





16.1754 
5.8285 
3.0601 


11.6570 
6.1202 
1.6708 

.7029 


10.2004 
2.7847 
1.1715 

9233 


3.8986 
1.6401 
1326 
-3747 


5.5694 
2.3430 
1.0465 

.5353 


3.5144 
1.5698 
.8029 
.4888 


4.6859 
2.0931 
1.0706 

.6517 


5.8574 

2.6163 

1.3382 | 
.8147 


7.0289 

3.1396 | 
1.6058 | 
.9776 | 


8.2004 | 
3.6629 | 
1.8735 | 
1.1405 















































9.3718 
4.1862 | 
2.1411 
1.3035 





10.0896 
4.3993 
1.8019 

.8690 


8.7985 
3.6039 
1.7380 
.9381 
.5499 


6.0065 
2.8966 
1.5635 
.9165 
.5722 
.3754 
.2564 


4.0553 
2.1889 
1.2831 
.8010 
-5256 
.3590 
.2535 


3.1271 
1.8330 
1.1444 
7508 
45128 
3621 


„1697 | 


1148 


1.7165 
1.1262 
.7692 
.5431 
.2545 
.1718 
.0864 


1.5016 
1.0256 
./242 
.3393 
.2291 
.1152 


1.2820 
.9052 
.4241 
.2864 
.1440 


1.0862 
.5090 
.3437 
1728 


.6786 
.4583 
.2304 


.5728 
.2881 


.3457 


TABLE 9: PRESSURE DIFFERENTIAL IN IN. Hg PER FOOT OF HOSE 


13.4527 
5.8657 
2.4026 
1.1587 


11.7313 
4.8052 
2.3173 
1.2508 

7332 


8.0086 
3.8622 
2.0847 
1.2220 
.7629 
.5053 
.3419 


5.4070 
2.9186 
1.7108 
1.0681 
.7008 
.4786 
.3379 


4.1694 
2.4440 
1.5258 
1.0011 


6837. 
4828 
.2262 | 


1528 


2.2887 
1.5016 
1.0256 
1242 
3393 
.2291 
‚1152 


.20022 
1.3675 
.9655 
.4524 
.3055 
.1536 


1.7094 
1.2069 
.5655 
.3819 
.1920 


1.4483 
.6786 
.4583 
.2304 


‚8048 
‚6110 
3073 


.7638 
.3841 


.4609 
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20.2927 
8.8481 
3.6242 
1.7478 


17.6961 
7.2483 
3.4955 
1.8868 
1.1060 


12.0805 
5.8259 
3.1447 
1.8433 
1.1508 

.7550 
.5157 


8.1562 
4.4025 
2.5807 
1.6111 
1.0571 

7220 

.5098 


6.2893 
3.6867 
2.3016 
1.5101 
1.0314 
7282 
.3412 
.2304 


3.4524 
2.2651 
1.5471 
1.0924 
.5118 
.3456 
.1738 


3.0201 
2.0628 
1.4565 
.6825 
.4608 
.2317 


2.5785 
1.8206 
.8531 
.5760 
.2897 


2.1847 
1.0237 
.6913 
.3476 


1.3649 
.9217 
.4635 


1.1521 
.5794 


.6952 
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hydraulic and lube oil filtration 


contamination causes most system 
failures 


The experience of designers and users of 
hydraulic and lube oil systems have proven the 
following fact: over 75% of all systems failures 
are a direct result of contamination! The cost due 
to contamination is staggering, resulting from: 


Silting 
е Loss of production (downtime) 
e Component replacement costs 
* More frequent fluid replacement 
(and disposal) 
е Increased overall maintenance | costs 
Particle Size 


The selection and proper use of filtration devices 
is becoming an important tool in the battle to 
increase production while reducing manufactur- 
ing|costs. In one study, a reduction of downtime 
by 596 resulted in a one year payback of the cpsts 
of adding and maintaining properly selected fil- 
ters. Stated simply, good filtration works to 
reduce overall operating costs. 


how contamination damages 
systems 


Contamination interferes with the four main 
functions of hydraulic and lubrication fluids: 


1. to act as an energy transmission medium 
2. to lubricate internal moving parts 
of components 
3. to act as a heat transfer medium 
4. to seal small clearances between 
moving parts 


Contamination may be present iri many forms. 
The most common are solid particles (partic- 
ulate), water and entrained air. 


Damage Due to Particles 


Solid particles contribute to wear related prob- 
lems. Particulates greatly interfere with the 


lubrication properties of fluids. This affects inter- 
nal moving parts, such as the gear set of a pump 
or the valve spool in a valve body. As a result, 
directional, flow or pressure controls may mal- 
function. Sensitive components, such as servo 
valves, may jam or stop ome 


Equals Clearance 


Large Particie 
Blocking Clearance 


figure d-1 





Particles are sometimes —Á by their rela- 
tive sizes. Extremely fine particles, commonly 
called “silt,” may collect in Ше space between 
moving parts in a component. (Figure d 1.a.) This 
will generally cause a sticking or sluggish action 
and perhaps even result in a failure to shift. Fre- 
quent solenoid burnouts, constant inaccurate 
positioning and overall wear (leading to a compo- 
nent failure) are the most common results of 
“silt.” Particles approximately equal to the dy- 
namic clearances of a component (see Table d 1.) 
will interfere with the lubrication process and 
therefore accelerate abrasive wear. (Figure d 1.b.) 





Typical Component Clearances 


Component Micrometers Component Micrometers 
Slide Bearings (Vane Pump) 5 Gear Pump (Tooth Пр To Case) .5-5 
Vane Pump (Vane Пр) 5-1 
Piston Pump (Piston To Bore) 5-40 
Servo Valves (Spool Sleeve) 1-4 


Tip of Vane (Control Valve) 5 

Roller Element Bearings 1-1 
Hydrostatic Bearings 1-25 
Gears 1-1 
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Particles of this size also contribute to the “wear 
chain reaction," whereby the abrasive action of 
particulates helps to make new particles from 
component surfaces. Left unchecked, this wear 
particle phenomena will eventually shut a sys- 
tem down. 


Larger particles (Figure d 1.c.) restrict or block 
flow through clearances and orifices. This leads 
to component malfunctions, higher pressure 
losses, higher operating temperatures, and often 
a catastrophic failure causing unscheduled 
downtime. 


Particle sizes are generally measured on the 
micrometer scale. One micrometer (or "micron" 

is one-millionth of one meter. The limit of human 
visibility is approximately 40 micrometers. For 
comparison of a few familiar items to the microm- 
eter scale, refer to Table d 2. Keep in mind that 
the damage causing particles in hydraulic or lube 
oil systems are smaller than 40 micrometers. 
Therefore, they are microscopic and can not be 
seen by the unaided eye. 


Relative Sizes of Particles and 
Comparison of Dimensional Units 


Sizes of Familiar Objects 
.009 
.0059 
Grain of Table Salt .0039 
.0029 
Human Hair .0027 
Lower Limit of Visibility .00158 
White Blood Cells .001 
Talcum Powder .00039 
Red Blood Cells .0003 
.00019 
.000078 
.000039 


Bacteria (Average) 





table d-2 


Fluid Cleanliness Levels 


Knowning the cleanliness level of a fluid is the 
basis for contamination control measures. In 
order to detect or correct problems, a contamina- 
tion reference scale is used. 


Particle counting is the most common method 
used to derive cleanliness level standards. Very 
sensitive optical instruments are used to count 
the number of particles in various size ranges. 
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These counts are reported as the number of parti- 
cles greater than a certain size found in a spec- 
ified volume of fluid. 


Several common cleanliness level standards are 
shown in Table d 3. In this correlation table, the 
number of particles greater than 5 and 15 microm- 
eters in one milliliter of fluid are shown. The 
number of 5 micrometer particles is used as a ref- 
erence point for “silt” particles. Those particles 
greater than 15 micrometer indicate the quantity 
of larger particles present, which contribute 
greatly to wear related and possible catastrophic 
failures. 


The two index numbers shown in the ISO code 
refer to the number of particles greater than 5 and 
15 micrometers. The first index number describes 
the relative range of those particles greater than 5 
micrometer. The second index number indicates 
the relative range of particles greater than 15 
micrometer. This standard has gained wide 
acceptance, since most particle distributions are 
easily described by it. For example, a fluid witha 
very high silt content and a relatively low large 
particle population may be described by the ISO 
codes of 25/12 or 23/10. This information may be 
useful in helping to direct filtration efforts. 


Component Cleanliness Level Requirements 


Many manufacturers of hydraulic and load bear- 
ing equipment specify the optimum cleanliness 
level required for their components. Subjecting 
components to fluid with higher contamination 
levels may result in much shorter component life. 


In Table d 4., a few components and their recom- 
mended cleanliness levels are shown. It is always 
best to consult with component manufacturers 
and obtain their written fluid cleanliness level 
recommendations. This information is needed in 
order to select the proper level of filtration. It 
may also prove useful for any subsequent war- 
ranty claims, as it may draw the line between nor- 
mal use and excessive or abusive operation. 


Keep in mind also that new fluid is not neces- 
sarily clean fluid. Refineries and mixers of fluids 
have little control over fluid storage. In many 
cases, contamination is introduced in the han- 
dling and transferring of fluid. For these reasons, 
most new fluid out of the drum is generally con- 
taminated to ISO 18/15 or SAE class 6 levels — or 
above. Consequently, all fluid should be filtered 
before it is put into use. 
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ISO Particles Ми те 


Cleanliness Level Correlation Table 





ACFTD NAS Disavowed 
Gravimetric 1638 “SAE” Level 


| Code z5Micrometers > 15 Місготейеге Level, mg/L (1964) (1 ра 


26/23 640,000 80,000 


25/23 320,000 80,000 


23/20 80,000 





table 9-3 


| Fluid Cleanliness Required for | 
Typical Hydraulic Components 


Fluid Classification 


“ЗАЕ” 150 
Components Level 


Servo Control Valves 

| Vane and Piston 

| umps/Motors 
Dilectional & Pressure 

Control Valves 
Gear Pumps/ Motors 
Flow Control Valves, 
| 2 8 


table d-4 
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Damage Due to Water 


There is more to proper fluid maintenance than 
just removing particulate matter. Water is vir- 
tually a universal contaminant, and just like 
particle contaminants must be removed from 
operating fluids. Water generated damage 
includes the following: 


• corrosion of metal surfaces 
* accelerated abrasive wear 
* bearing fatique 

е fluid additive breakdown 
* viscosity variance 


Fluids are constantly exposed to water and water 
vapor while being handled and stored. For 
instance, outdoor storage of tanks and drums is 
common. Water may settle on top of fluid con- 
tainers and be drawn into the container during 
temperature changes. Water may also be intro- 
duced when opening or filling these containers. 


Water can enter a system through worn cylinder 
or actuator seals or through reservoir openings. 
Condensation is also a prime water source. As the 
fluid cools in a reservoir or tank, water vapor will 
condense on the inside surfaces, causing rust or 
other corrosion problems. 


Microbial growth, slime and the apparent 
increase of fluid viscosity are also by-products of 
water contamination. The results are short fluid 
life, degraded surface finishes and inconsistent 
fluid performance. 


Each fluid has a water saturation point. Above 
this limit, the fluid can neither dissolve nor hold 
any more water. The excessive water may be 
"free" or "emulsified" water. Free water is gener- 
ally noticeable as а ‘““milkiness,” or discoloration, 
of the fluid. As little as .03% (300 ppm) or water 
by volume can saturate a hydraulic fluid. 


Gross water contamination (over 296 of the sys- 
tem volume) may require settling or centrifuge 
treatments. Systems contaminated up to 296 by 
volume of water can be effectively treated with 
highly absorbent filter media. 


Parker has developed Par-Gel™ filter media to 
help control water related problems. These ele- 
ments are made in many sizes to fit several stand- 
ard Parker and competitive housings. 


contamination control 


Contamination control is best achieved through 
two activities: exclusion and removal. 


Keeping Contamination Out 


Exclusion of dirt or water is a very important 
ingredient in contamination control. Using fil- 
ters for reservoir air breathers helps exclude air- 
borne dirt. Replacing worn actuator seals will 
help keep dirt and water out of a system. Capping 
off hoses and manifolds during handling and 
maintenance also will prevent contamination 
from entering the system. Keeping contamination 
out of a system in the first place is an excellent 
and effective method in contamination control. 
(See Table d 5.) 


CONTAMINANT EXCLUSIONARY MEASURES (Table d 5.) 

1. Use reservoirs large enough to disipate heat, promote parti- 
cle settling and allow entrained air to escape. 

2. Specify and use depth-type (cellulose or fiberglass) filters 
for reservoir breathers. 

3. Flush all systems before putting into service and after com- 
ponent failures. 

4. Specify rod wipers in cylinders. Replace all worn seals in 
actuators. Keep the reservoir sealed. 

5. Filter all fluid before putting it into service. 
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Removing Ingressed Contamination 


Once contamination is introduced into the sys- 
tem, it must be controlled by the system filters. 
The goal of the filtration system is to reach and 
maintain the optimum cleanliness level for the 
system or a component. The remainder of this 
discussion will be about solid particulate 
removal. Media characteristics, selection tech- 
niques and filter sizing will be discussed in 
detail. 


filter media 


The filter media is that part of the element which 
removes the contaminant. It usually starts out in 
sheet form, and is then pleated to expose more 
surface area to the fluid flow. This reduces pres- 
sure drop while increasing dirt holding capacity. 
In some cases, the filter media may have mulitple 
layers and mesh backing to achieve certain per- 
formance criteria. After being pleated and cut to 
the proper length, the two ends are fastened 
together using a special clip, adhesive, or other 
seaming mechanisms. The most common media 
include wire meshes, cellulose, microglass com- 
posites and other synthetic materials. 


The broadest general characteristics of filter 
media is categorized by the location of the parti- 
cle retention: surface or depth type media. 


Surface Type Media 


For a surface type filter media, the fluid stream 
has a more or less straight through flow path, and 
the contaminant is caught on the surface of the 
element which faces the fluid flow. Surface type 
elements are generally made from woven wire. 
This filtration process is illustrated in Figure d 2. 





Figure d 2. 


Surface Type Media 


Particles are trapped on the surface of the element. 
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cloth can be very accurately controlled, surface 
type media have a consistent pore size. Because 
of this, surface type elements are usualy given àn 
absolute pore size rating by the manufacturer. 
This |rating is the diameter of the largest hard 
spherical particle that will pass through the 
media under specified test conditions. However, 
the build-up of contaminant on the element sur- 
face will allow the media to capture particles 
smaller than the pore size rating. 


Since the process used in manufacturing the fae MEAN PORE SIZE, DEPTH TYPE MEDIA 
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Depth Type Media 


50 Percent of Flow 50 Percent of Flow 


For a depth type element, fluid must take a tor- 
tuous path through the material which makes üp 
the filter media. Particles are trapped in the maze PORE SIZE 
of openings throughout the media. This process 
is illustrated in figure d 3. 





NUMBER OF PORES 
PER UNIT AREA 


Figure d 4. 


Mean Pore Size — Depth Type Media 


Because of its construction, a depth type filter 
media has many pores of various sizes. This is 
pointed out by the bell curve in Figure d 4. A 
point on the bell curve is the number of pores per 
unit area of a given size in a typical depth type 
element. The shape of the curve in Figure d 4. 
shows that there are more pores of small sizes 
than of relatively large sizes. This indicates that a 
large percentage of flow passes through relatively 

small holes. However, a mean pore size rating 

gives no indication of the media efficiency at 

— — removing and holding particles of a given size 

range over the useful life of the element. Table d 6. 
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COMPARISON OF DEPTH TYPE FILTER MEDIA (FOR A GIVEN 
PARTICLE SIZE, FLOW RATE AND FLUID VISCOSITY) 


DIRT 
CAPTURE HOLDING PRESSURE LIFEIN OVERALL 
MEDIA MATERIAL EFFICIENCY CAPACITY DROP ASYSTEM COST 








Fiberglass High High Low High ii: to 
Cellulose в | MM | 
(рарег) ios поћи E Moderate Moderate Moderate Low 


Synthetic 
(typically OW Moderate Low Moderate Moderate 


polyester) 





Nominal and Absolute Ratings 


Nominal and absolute micron retention ratings 
may be arbitrary designations set by the filter 
manufacturer. For a given media, they may vary 
widely and thus prove to be relatively useless in 
describing a filter element's performance. Filters 
should be rated according to the multi-pass test 
method (ANSI/B93.31-1973). This test yields the 
filtration or Beta ratio. 


Filtration Ratio 


The filtration ratio (also known as the Beta ratio) 
is a measure of the particle capture efficiency of a 
filter element. It is therefore a performance rat- 
ing. The filtration ratio is one of the very impor- 
tant results of the multi-pass test method 
(ANSI/B93.31-1973). 


In this test, a known amount of a special test dust 
is injected into a filter system. Particle counters 
measure the number of various sized particles 
entering and leaving the filter. A ratio is then 
derived, by dividing the number of upstream par- 
ticles of a given size by the number of the same 
sized particles counted downstream or leaving 
the filter. 


For example, if 10,000 particles 10 micrometer 
and larger were counted upstream of the filter 
and 5,000 counted downstream, the filtration 
ratio would be 2 at 10 micrometer and larger. 


10,000 (Upstream Count) - 2 
5,000 (Downstream Count) 


107 


The filtration ratio at 10 micron (В.о) would be 2. 


The capture efficiency of a filter, expressed as a 
percent, is easy to calculate. Using the formula 


Efficiency = | за | x 100% 
B, 
for the above filter would show that a ratio of 2 is 
equal to a 5096 capture efficiency. This means 
that for every two particles greater than 10 
micrometers entering the filter, one will pass 
through the filter. 


Table d 7. shows a different particle capture effi- 
ciencies for various filtration ratios. Please note 
that a particle size must be specified in order for 
the filtration ratio (also called Beta ratio) to make 
sense. 
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table d-7 


FILTRATION RATIO/EFFICIENCY TABLE (Table d 7.) 


Filtration Ratio (at a given Capture Efficiency (at same 
particle size) particle size) 


1.01 1.0% 
1.1 9.0% 
1.5 33.3% 
2.0 50.0% 
5.0 80.0% 
10.0 90.0% 
20.0 95.0% 
75.0 98.7% 
100 99.0% 


Some filter literature may show a rating as: B, = 
2/20/75, x = 6/11/15, which means B, = 2, В, = 
20, and B,, = 75. The first three numbers 
(2/20/75) are the Beta ratings at the particle size 
of the second three numbers 6, 11 and 15 micron 
respectively. 


filter housings 


The filter housing is a pressure vessel which 
holds the filter element. It usually consists of two 
or more subassemblies such as a head and a bowl 
(or cover) to allow access to the filter element. 
The housing has inlet and outlet ports allowing it 
to be installed into a fluid system. Additional 
housing features may include mounting holes, 
bypass valves and element condition indicators. 
Figure d 5. shows a typical filter assembly. 
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Pressure Ratings 


Filter housings are designed for three locations in 
a circuit: suction, pressure or return lines. One 
characteristic of these locations is their max- 
imum operating pressures. Suction and return 
line filters are generaly designed for lower pres- 
sures (up to 500 psi). Pressure filter locations may 
require ratings from 1500 psi to 6000 psi. 


The Bypass Valve 


The bypass valve is used to prevent the collapse 
or burst of the filter element when it becomes 
highly loaded with contaminant. It also prevents 
pump cavitation in the case of suction line filtra- 
tion. As contaminant builds up in the element, 
the| differential pressure across| the element 
increases. At a pressure well below the failure 
point of the filter media and support cylinder, the 
bypass valve opens, allowing some flow to go 
around the element. Although the bypass valve is 
open, a portion of the flow will still flow through 
the element providing partial filtration. 


Some bypass valve designs have a “bypass- 
to-tank" option. This allows the unfiltered bypass 
flow to return to tank through a third port, pre- 
venting unfiltered bypass flow frorn entering the 
system. Other filters may be supplied with a 
“no bypass” or “blocked” bypass option. This 
prevents any unfiltered flow from going down- 
stream. In filters with no bypass valves, higher 
collapse strength elements are required. 


Element Condition Indicators 


The element condition indicator signals when 
the element should be cleaned or replaced. The 
indicator usually has calibration marks which 
alsó indicates if the filter bypass valve has 
opened. The indicator may be directly linked to 
the|bypass valve, or it may be an entirely inde- 
pendent differential pressure sensing device. 
Indicators may give visual, electrical or both 
types of signals. 


filter locations 


The following guidelines may be used to help 
select the best filter location or combination of 
locations for a specific system. Filter locations 
may depend on the placement of the most sen- 
sitive component in a system. Sometimes, size 
and weight restrictions are also involved. 


Pressure Filters 


Pressure filters are located downstream from the 
system pump. They are designed to handle the 
system pressure and sized for the specific flow 
rate in the pressure line where they are located. 


Pressure filters are especially suited for protective 
sensitive components directly downstream from 
the filter, such as servo valves. Located just 
downstream from the system pump, they will 
protect the entire system from pump generated 
contamination. 


Return Line Filters 


When the pump is the most sensitive component 
in a system, a return line filter may be the best 
choice. In most systems, the return line filter is 
the last component through which fluid passes 
before entering the reservoir. Therefore, it catches 
wear debris from system working components 
and particles entering through worn cylinder rod 
seals before such contaminant can enter the reser- 
voir and be circulated. Since this filter is located 
immediately upstream from the reservoir, its 
pressure rating and cost can be relatively low. 


In some cases, cylinders with large diameter rods 
may result in “flow multiplication." The 
increased return line flow rate may cause the fil- 
ter bypass valve to open, allowing unfiltered flow 
to pass downstream. This may be an undesir- 
able condition and care should be taken in sizing 
the filter. 








Duplex Filters 


There is another type of filter which is used quite 
often in hydraulic and lube oil systems: the 
duplex filter. A duplex filter may be either a pres- 
sure or return line design. Its most notable char- 
acteristic is continuous filtration. That is, it is 
made from two or more filter chambers and the 
necessary valving to allow for continuous, unin- 
terrupted filtration. When one filter element 
needs servicing, the duplex valve is shifted, 
diverting flow to the opposite filter chamber. The 
dirty element can then be changed, while filtered 
flow continues to pass through the filter assem- 
bly. The duplex valve is an open cross-over type, 
which prevents any flow blockage. Figure d 6. 
shows a typical duplex filter. 





figure d-6 





Off-Line or Side Stream Filtering 


Off-line or side-stream filtration consists of a 
pump, filter and the appropriate connections. 
These components are installed off-line as a small 
sub-system, separate from the working lines, or 
included in a fluid cooling loop. Fluid is pumped 
out of the reservoir, through the filter, and back to 
the reservoir, in a continuous fashion. By select- 
ing the appropriate pump flow rate and filter effi- 
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ciency, this type of filtration can keep the fluid as 
clean as is necessary for most systems. 


A typical off-line system (in this case, a portable 
one) is shown in Figure d 7. This is a self con- 
tained unit, separate from the main system. It fea- 
tures two filters, an industrial quality gear pump 
and hose wands for ease of use. 


As with a return line filter, this type of system is 
best suited to maintain overall cleanliness, and 
does not provide specific component protection. 
An off-line filtration loop has the added advan- 
tage that it is relatively easy to retrofit on an exist- 
ing system which has inadequate filtration. Also, 
the filter can be serviced without shutting down 
the main system. 


Suction Filters 


Suction filters serve to protect the pump from 
fluid contamination. They are located before the 
inlet port of the pump. Some may be inlet 
“strainers,” submersed in the fluid. Others may 
be externally mounted. In either case, they are 
relatively coarse filters, due to cavitation charac- 
teristics of pumps. For this reason, they are not 
used as primary protection against contamina- 
tion. Some pump manufacturers do not allow the 
use of a suction filter. Always consult the pump 
manufacturer when in doubt. 
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Ideal Filtration 


Most systems would benefit greatly from having a 
combination of suction, ‚ pressure, return, and off- 
line filters. If other considerations preclude this 
i lea, then a compromise of some lesser combina- 
tion may have to be considered. Table d 8. may be 
helpful in making a filtration location decision. 


table d-8 

COMPARISON OF FILTER TYPES AND LOCATIONS 
Filter 

Pm Advantages Disadvantages 


Suction 1. Last chance protec- 1. Must use relatively 


(Externally tion for the pump. cbarse media, or large 

Mounted) housing size to keep 
pressure drop low. 
Cost is relatively high. 

2. Much easier to 2. Does not protect 
service than а downstream compo- 
sump strainer. nents from pump wear 

debris. 

3. May not be suitable for 
many variable volume 
pumps. | 

Pressure 1. Protects down- 1. Housing is relatively 
stream expensive because it 
components from must handle full sys- 
pump wear. tem pressure. 

2. Provides last 2. Does not catch wear 
chance protection debris from down- 
of specific stream working 
components. components. 

3. Can use high effi- 3. Does not catch parti- 
ciency filter cles entering the 
medium with mini- system through worn 
mum consideration cylinder rod seals, and 
for pressure drop. olher working 

components. 

Return 1. Catches wear 1. Does not protect spe- 
debris from compo- cific components. 
nents, and dirt 
entering through 
worn cylinder rod 
seals before it 
enters the reservoir. 

2. Lower ргеввиге га- 2. No protection from 
ings result in lower pump generate 
costs. contamination. 

3. May be in-line or З. Return line flow sur- 
in-tank for easier ges may reduce filter 
installation. performance. 

Off-Line 1. Servicing is possi- 1. No direct component 
ble without loss of protection. 
production. 

2. Fixed flow rate 2. Relative initial cost 
eliminates surges, is high. 
allowing for optimal 
element life and 
performance. 

3. Fluid cooling may 3. Requries more space 
be easily than single filter 
incorporated. 


the filter selection process 


Each system has its own optimum cleanliness 
level, depending on the number and types of 
valves, actuators, system pressure and flow rates 
and other dynamics factors. Properly applied fil- 
tration will help achieve this optimum clean- 
liness level. The primary filtration objective is to 
reach the desired cleanliness level and maintain 
it at the lowest possible cost. 


Selecting a filter or filters for a system is a two 
step process. First, the filter element media must 
be selected. Then, the filter housing, which will 
contain the element, must be specified. Many 
factors enter into the decision making processes 
in both steps. Consulting with filter application 
specialists will make sure that the filters are 
properly selected and applied. 


Filter Media Selection 


To maintain fluid cleanliness levels at an accept- 
able level, the use of a pressure, return and/or 
off-line filter is required. Many system designers 
will make use of a combination of these filters in 
various branches of the circuit. The nomograph 
which follows may be used to select media for 
these filters. This selection process is also avail- 
able in a slide rule form, or on personal computer 
diskettes. (Figure d 8. shows the slide rule). The 
nomograph is shown in Figure d 9 
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Nomograph Instructions 
1. Add all of the flows out of the reservoir. 


a. Be sure to include the flow of any off-line 
filter system if one will be permanently 
connected. 


b. If variable volume pumps are used, be sure 
to use the average flow rate, taking into 
account periods when the pump is 
compensated. 





2. Add all of the flows which return to tank 
unfiltered (e.g. pump case drains, unfiltered 
return lines). 


3 Calculated percent of bypass (unfiltered flow) 
Bypass = Unfiltered Flow x 100% 


Total Flow 


4. Estimate contaminant ingression rate. Accu- 
rate estimates can be obtained by performing 
a particle count on a fluid sample from an 
existing system similar to the one being 
designed or upgraded. (Contact Parker Filter 
Division for details.) Otherwise, the guide- 
lines in Table d 9. may be used. 


5. On the left side of nomograph, find the inter- 
section of the ingression rate line with a ver- 
tical line extended from the total average flow 
value (base of the graph). 


6. From this intersection point, draw a horizon- 
tal line to intersect with the pivot line. 


7. From the pivot point, draw a line through the 
cleanliness level desired, and intersect the 
filler media graph at a point on the zero 
bypass line. (See Table d 4. for cleanliness 
guidelines). 


8. Extend a horizontal line to the right from the 
point found in Step 7, to intersect with a ver- 
tical line extended from bypass percent found 
in Step 3. 
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9. Select the media whose curve lies below the 
intersection point of Step 8. 


10. Do not select a media less efficient than one 
recommended by a component supplier. This 
might invalidate the warranty. 


a. For example, a pump manufacturer may 
specify a return filter with a 10 micron 
"nominal" rated filter. 


b. A servo valve manufacturer may specify a 
filter with a 3 micron "absolute" rated 
element. 


This approach to media selection ignores the 
filtration that takes place in the suction filter 
(usually negligible compared to the contamination 
control filter). It also assumes that all filters use 
identical filter media. If a more efficient media is 
used in one of the filters, fluid cleanliness should 
be better than the designers' objective. 


Typically, contaminant will enter hydraulic fluid 
at a rate between one million and one billion par- 
ticles greater than 10 micrometres in size for 
every minute of operation. The actual rate will 
depend on the number of components in a sys- 
tem, internal wear rates, seal degradation, and 
how much airborne contaminant there is around 
the system. Table d 9. gives ingression rates for 
typical hydraulic and lubrication systems. 


In the absence of any other data, a filter specifier 
can use the guidelines shown in Table d 9. How- 
ever, as indicated in Step 4 of the nomograph, a 
particle count of the fluid in a similar system, 
operating in a similar environment, provides the 
basis for a relatively accurate ingression estimate. 
The specifier also needs to know the Beta Ratios 
of the filter(s) in that system, and the other vari- 
ables associated with the nomograph (other than 
the ingression rate). Using the known variable 
allows the specifier to “work backwards" on the nom- 
ograph to find the contaminant ingression rate. 


Parker Filter Division provides particle counting 
and other fluid analysis services to assist customers 
in specifying filters. 


INGRESSION RATES FOR TYPICAL SYSTEMS (Table d 9.) 
SYSTEM INGRESSION RATE! 

Earthmoving and off-highway 109 — 1010 

(extreme conditions) 

Farm and other mobile 108 – 109 

equipment 

Typical manufacturing plant 107 - 108 

"clean" plant environment 105 — 106 


(assembly operations) 


iNumber of particles greater than 10 micrometers ingressed into 
the system per minute from all sources. 
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Housing Selection 


Тре primary concerns of the housing selection 
process include mounting methods, paving 
options, indicator options, and pressure rating. 
All except the pressure rating depend on the 
physical system design and the preferences of the 
designer. Pressure rating of the housing is far less 
arbitrary. This should be determined before the 
housing style is selected. Location pf the filter in 
the circuit is the primary determinant of pressure 
rating. A discussion of the various types of filters 
may be found in the "Filter Location" section. 


It is essential to analyze the circuit for transient 
and frequent pressure spikes, as well as steady 
state conditions. Some materials, such as alumi- 
num, have lower fatigue pressure ratings. In cir- 
cuits with frequent high pressure differences, 
another material may be required to prevent 
fatigue related failures. 


Selection of Bypass Valve Setting 


After the housing style and pressure rating are 
selected, choose the bypass valve calibration. 
The|bypass valve calibration must be selected 
before sizing a filter housing. Everything else 
being equal, the highest calibration available 
from the manufacturer should be selected. This 
will| provide the longest element life for a given 
filter size. Occasionally, a lower calibration may 
be selected to help minimize energy loss in the 
system or to reduce back-pressure on another 
component. (In suction filters, usually a 2 or 3 psi 
bypass valve is used to prevent pump cavitation.) 


Certain pressure filters (e.g. those protecting 
servo valves) may require selection of a blocked 
bypass or non-bypass option. This prevents 
unfiltered fluid from reaching the critical 
солай летін. 


Normally, the filter bypass valve is used to limit 
the differential pressure across the element to a 
level which prevents collapse of the support cyl- 
inder. When no bypass valve is used, the element 
collécts contaminant until the differential pres- 
sure| across it becomes high enough that the sys- 
tem is no longer functional. In this condition, an 
operator would be forced to change the element. 
The] support cylinder and end caps must be 
designed so as to prevent collapsing the element 
during high pressure differential conditions. 


When specifying a non-bypass filter design, 
make sure that the element has a differential pres- 
sure rating close to the maximum operating pres- 
sure of the system. When specifying a bypass 
type filter, it can generally be assumed that the 
manufacturer has designed the element to with- 
stand the bypass valve differential pressure when 


the bypass valve opens. 


Selection of Housing Size 


The filter housing size should be large enough to 
achieve at least a 2:1 ratio between the bypass 
valve setting and the pressure drop of the filter 
with a clean element installed. It is preferable 
that this ratio be 3:1 or even higher for longer 
element life. 


For example, Figure d 10. illustrates the type of 
catalog flow/pressure drop curves which are 
used to size the filter housing. As can be seen, the 
specifier needs to know the normal operating vis- 
cosity of the fluid, and the maximum flow rate 
through the filter. The maximum flow rate is 
used, instead of an average, to make sure that the 
filter does not spend a high portion of time in 
bypass due to flow surges. This is particularly 
important in return line filters where flow multi- 
plication from cylinders may increase the return 


flow rate to twice the pump flow rate. 
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If the filter described in Figure d 10. was fitted 

with a 50 psi bypass valve, the initial (clean) 
| 

pressure drop should be between 15 and 25 psi. 

This is calculated from the 3:1 and 2:1 ratio of 

bypass valve setting and initial pressure drop. 





From the graph and knowing this initial pres- 
sure drop limit, the maximum filter flow rate 
at a given viscosity can be determined. So, for 
200 SUS fluid, the flow range would be from 36 
to 54 gpm. 


In some cases an "oversized" housing may be 
selected for one or more of the following reasons: 


® to minimize pressure drop and limit energy 
loss 

* to use larger elements with higher dirt hold- 
ing capacity and extend the time between 
element changes 

eto minimize the amount of time spent in 
bypass due to cold start-up conditions. 


fluid sampling and analysis 


Fluid analysis is an essential part of any mainte- 
nance program. Fluid analysis ensures that the 
fluid conforms to original specifications, to see if 
the composition of the fluid has changed, and to 
determine its overall contamination level. 


In taking a fluid sample from a system, care must 
be taken to make sure that the fluid sample is 
representative of the system. To accomplish this, 
the fluid container must be cleaned before taking 
the sample and the fluid must be correctly 
extracted from the system. There are two National 
Fluid Power Association (NFPA) standards for 
extracting fluid: NFPA T2.9.9-1976 "Method for 
extracting fluid samples from a reservoir of an 
operating hydraulic fluid power system" and 
NFPA T2.9.1-1972, ANSI B93.19-1972 "American 
National Standard method for extracting fluid 
samples from the lines of an operating hydraulic 
fluid power system (for particulate contamina- 
tion analysis)" Either extracting method may 
be used. 


In either case, a representative fluid sample is the 
goal. Sampling valves should be opened and 
flushed for up to fifteen seconds. The clean sam- 
ple bottle should be kept closed until the fluid 
and valve is ready for sampling. The system 
should be at operating temperature for at least 
30 minutes before the sample is taken. 
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Typical Fluid Analysis Tests 


The following tests yield useful information 
about the condition of a fluid: 


1. Viscosity is the resistance of a liquid to flow. A 
change in viscosity may mean a decrease in 
machine performance becuase of increased 
leakage, higher pressure drops, lack of lubrica- 
tion, and/or over-heating. It may also mean 
that an incorrect fluid was used to fill the 
machine's reservoir. 


A change in viscosity +10% from original 
specifications or from a previous sample is 
considered excessive. In the application of a 
filter, the viscosity must be known to deter- 
mine the initial (clean) differential pressure 
across filter element and housing. 


2. Neutralization Number is a number which 


indicates the amount of potassium hydroxide 
needed to neutralize the acids in a fluid. A 
check on neutralization number is performed 
to determine if additives have deteriorated or 
oxidation is excessive. 


3. Water Content in hydraulic fluid reduces lubri- 
cation and affects additives and promotes 
oxidation. In filter applications, water content 
is a consideration in element and housing 
compatibility. Water content exceeding .596 by 
volume is considered excessive. 


4. Particle Count The particles in a 100 ml sample 
are counted and reported in particle size 
ranges. Particle counts indicate the overall 
effectiveness of the system filters. Most reports 
show both a graph (particle size vs. number of 
particles). At the very least, a cleanliness level 
should be assigned to describe the contam- 
ination content (e.g. ISO 4406 standard 
reporting). 


5. Spectrographic Analysis may be used to deter- 
mine the presence of required additives, wear 
generated metals, and other contaminants. 
These results are reported in "ppm" and may 
indicate the sources of wear problems. 


The above tests are available at a nominal charge 
from the Filter Division, Parker Hannifin Cor- 
poration, Metamora, OH. Figure d 11. shows the 
Par-Test™ fluid analysis kit and report form. The 
pre-addressed container and pre-cleaned sample 
bottle make fluid analysis programs easy to start. 
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figure 4-11 


Parker Fluid Analysis Test Kit 


Portable Fluid analysis kits are available which 
contain the basic tools to measure the contamina- 
tion level of a fluid in plant or in the field. They 
provide a quick, in-the-field method of checking 
system fluid on a regular basis. (Figure d 12. 
shows the Parker portable fluid analysis test kit.) 

ith the use of this kit, a sample "patch" is pre- 
pared, showing the relative cleanliness level of 
the fluid. This patch is compared to "standard" 
patches of known contamination cleanliness 
levels. A quick determination of contamination 
content is possible. 





filter and system troubleshooting 


Filters are usually very trouble free components. 
When problems occur, they are generally associ- 
ated with conditions in the system. Table d 10. 
below lists some common problems and their 
solutions. 





figure d-12 








А. START-UP PROBLEMS 
PROBLEM 


1. Filter indicator reads "bypass" 
immediately upon start-up. 


PROBABLE CAUSES 

1. Oil viscosity high during cold 
start-up. 

2. Highly contaminated system. (if 
new system has not been flushed, 
it is common to load a filter ele- 
ment with dirt within minutes of 
initial start-up.) 


3. Filter bypass setting too low rela- 
tive to filter pressure drop with a 
clean element installed (for given 
conditions). 


4. Wrong element installed (filter 


media too fine and/or pressure 
drop too high.) 
5. Filter indicator out of calibration. 


FILTRATION TROUBLESHOOTING (Table d 10.) 


2. 
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SOLUTION 


. Run system until it reaches normal 


operating temperature. 

(a) In new systems, flush with low 
viscosity fluid at high velocities. 

(b) Replace filter element several 
times until fluid is cleaned up. 

(c) In existing systems, consult spe- 
cialists and replace filter elements. 


. (a) Select a higher bypass setting if 


available and if circuit conditions will 
permit. 

(b) Replace filter with larger one with 
a lower pressure drop. 


. Replace wrong element with correct 


one. 


. Check indicator, Most will read 


"CLEAN" when system is shut down 
and there is no flow through filter. 


Replace or calibrate indicator. 


2. Noisy pump, or have to reprime 
pump repeatedly. 


1. Entrained air. 


2. Cavitation due to (a) Clogged 
suction line. 


(b) Excessive pressure drop in 
suction line. (Note: Flow velocity 
in a suction line should not exceed 
4 feet per second.) 


(c) Suction filter bypass setting too 
high (when added to other suction 


1. 


(a) Tighten and seal all system fittings 
and connections. 

(b) Check and tighten filter bowl or 
cover. 

(c) Check filter cover or bowl o-ring for 
damage; replace if necessary. 


. (a) Clean sump strainer and remove 


any obstruction. 

(b) Check pump inlet with vacuum 
gauge. If necessary, increase size of 
suction line and suction filter or sump 
strainer. 


(c) Seiect lower bypass setting and/or 
larger filter housing. 


line losses). 


B. OPERATING PROBLEMS 
PROBLEM 


1. Filter indicator never reads 
“BYPASS” 


2. Frequent servicing of filter elements 
required (indicator moves from 
“CLEAN” to “BYPASS” rather 
quickly). 


3. Fluid samples reveal that fluid is 
overly contaminated. Frequent com- 
ponent failures occurring. 


4. Directional control valve jammed. 


PROBABLE CAUSES 


1. Element left out of filter, or not 
properly installed. 


№ 


. Element has been damaged (holes 
punched in it, or seals removed). 

3. Indicator malfunction or out of 

calibration. 

4. Oversized filter housing (very low 
pressure drop for operating 
conditions). 

. Same as À.1.1-5 above. 

. System has a high contaminant 
ingression rate. 


м = 


= 


. Filter not properly serviced. 


№ 


. Wrong element installed 
(media too coarse). 

3. Cylinder rod wiper and other actu- 

ator seals worn. 

4. Pump case drains not filtered, and 
other lines return flow to reservoir 
unfiltered. 

. Excessive Contamination. 

. Too much back pressure on valve 
spool. 


№ = 


2. 


SOLUTIONS 


. Install new element in filter housing. 


Make sure it is properly positioned so 
that seals are functional. 

Install new element in filter housing 
with seals properly in place. 


. Check indicator and replace or recali- 


brate as necessary. 


. Replace element every six months, 


even if indicator does not read 
"BYPASS." 


. Same as А.1.1-5 above. 


2. (a) Replace filter with one having an 


element with larger surface area. 


(b) Add an off-line, circulating filter 
loop to the system (portable or 
permanent). 


(c) Add filters to pump case drains 
and elsewhere in system to make 
sure all fluid returning to reservior is 
filtered. 


. (a) Check indicators regularly, and 


replace or clean elements as needed. 


(b) If filters do not have indicators, 
replace elements at 250 operating 
hours intervals. Install gauges or 
indicators if possible. 


. Replace wrong element with correct 


one having finer filter medium. 


. Replace cylinder rod seals or other 


actuator seals. 


. See B.2.b & c above. 


. See B.3.1-4. above. 


2. Reduce "BYPASS" setting or return 


line filter. Check for other line 
restrictions. 


Lk 
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Appendix I 


cost per gram analysis 

The multipass filter test, described in Standards 
ANSI B93.31 and NFPA T.3.10.8.8, yields useful 
data for comparing and selecting filter elements. 
In this test, elements are challenged with the 
standard contaminant, Air Cleaner Fine Test 
Dust This contaminant is added continuously to 
the test circuit so that the element becomes 
increasingly loaded with dirt. Upstream and 
downstream particle counts are taken to deter- 
mine the capture efficiency or Beta ratio of the 
filter element for various particle sizes. The test 
is over when a predetermined terminal pressure 
loss through the element is reached. 


The data most commonly referred to from the test 
is the Beta ratio, but other important element per- 
formance characteristics are also derived. Two) of 
these are rate dirt holding capacity are apparent 
capacity and retained capacity. 


In the multipass test, the total amount of con- 
tamination injected into the test circuit until the 
element reaches the predetermined terminal 
pressure drop is called the apparent capacity. 
However, apparent capacity results may be mis- 
leading. For example, a very coarse element may 
register a high apparent capacity. Or an element 
may Бе damaged in such a way that contamina- 
tion easily passes through it while more contami- 
nant is being injected. 


For this reason, it is better to compare filters 
based on retained capacity, the amount of con- 
tamination removed by the filter element. The 
retained capacity may be thought of as the appar- 
ent capacity (the total contaminant injected dur- 
ing the test) less the contaminant in the test 
system at the end of the test. 


Dirt holding capacity, when considered with the 
cost lof an element, yields a valuable filter ele- 
ment selection criterion: economic value. Eco- 
nomic value of an element is defined as the cost 
per gram of removed contaminant. Beta ratios, 
dirt holding capacity, and element cost should be 
considered together with cost per gram to make a 
proper filter selection. The following examples 
show how a more complete comparison might be 
made for filter elements with identical Beta ratios. 


ELEMENT X ELEMENT Y 
Cost $18.00 $22.25 
Beta 10 ratio 75 75 
Area - ft? 6 18 
Cost per ft? $ 3.00 $ 1.24 


Element Y appears to be a better value; its larger 
size seems to indicate longer life, with similar 
Beta ratios, and at less than half the cost per 
square foot. But a clearer picture forms when 
retained capacities are reported: 


ELEMENT X ELEMENT Y 
Retained dirt 36 20 
capacity - g 
Cost per gram of dirt $ .50 $ 1.11 


When the cost per gram is computed at $18.00/36 
— $.50 per gram for element X, this element's 
true cost is less than half of Y's! The cost per gram 
provides a much needed economic value for filter 
selection. The hidden cost of more frequent serv- 
ice (more downtime) with element Y is also 
eliminated. 


This illustration is based on an actual field exam- 
ple and points out the importance of considering 
retained dirt capacity as a major factor in filter 
selection. It also demonstrates that size alone 
does not determine element life. A large, poorly 
constructed element could actually provide less 
effective filtration because contaminant is not 
retained as well, as in element Y. 


To make an intelligent comparison of hydraulic 
filters, designers should obtain all data relevant 
to the multipass filter element test, including 
apparent capacity, retained capacity, Beta ratios, 
flow rate, and terminal pressure loss. The eco- 
nomic value index, or cost per gram, when com- 
bined with other element data, may provide the 
best method available for selecting filters. 
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intensifier selection 


Intensifier size is determined by the high pres 

sure requirement of the work cylinder. The rati 

between the high pressure required and th 

available input pressure is termed the intensi! 

fier ratio and determines the diameter of the 
piston and the ram. The intensifier stroke is 
determined by the volume of high pressure oil 
required by work cylinder. 





PH Intensifier 


Select a single pressure intensifier for applica- 
tions where the entire stroke of the work cyl- 
inder is the load cycle. Use a dual pressure in- 
tensifier where low pressure is fed from the air- 
oil tank through the intensifier to advance the 
work cylinder to the load; only the remaining 
stroke of the cylinder is then considered in the 
intensifier stroke calculations. 


intensifier sizing 

1. Based on application requirements, select 
the work cylinder and determine the hydraulic 
pressure required. 


2. Dividethehydraulic pressure required by the 
input pressure to determine the intensifier 
ratio. 


3. Select intensifier bore and ram size from 
selector table e-1. 


4. Calculate the volume of high pressure oil 
required for full extension of the work cylinder 
through the high pressure portion of the stroke. 


5. To calculate intensifier stroke, divide calcu- 
lated volume of high pressure oil required 
by "Volume per Inch of Stroke" shown in 
table e-1 for selected ram size. 


6. For dual pressure intensifiers only: add 2" 
to stroke calculated in step 5. | 
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intensifier clamp circuit 


An example is the cylinder-powered clamp for 
bench or machine operations shown in circuit 
e-1. This illustrates a dual pressure inten- 
sifier used to supply hydraulic pressure for a 
simple cyliner-powered clamp. Here the mov- 
ing portion of the clamp advances rapidly under 
low pressure to contact work piece. When this 


contact is made, the intensifier is energized, 
producing high pressure to hold the work piece 
firmly. At completion of operations on work 
piece, the directional control valve in air line 
is shifted to de-energize the intensifier, and the 
clamp is retracted for the start of the next cylce. 


T 





illustration e-1 


circuit e-1 
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intensifier operating principle 





An intensifier is a fluid power device which 
will produce an output pressure higher than the 
source input pressure. 


The input fluid may be the same as, or different 
than, the output fluid. The most common ar- 
rangement is to use air pressure from shop 
lines as the input fluid and a petroleum base hy- 
draulic oil as the output fluid. 


Basically, an intensifier is a confined piston 
subjected to an input pressurized fluid, driving 
a smaller diameter ram or piston to deliver a 
volume of fluid at a higher pressure. 


The output pressure of an intensifier is propor- 


tional to the area of the driving piston divided 
by the area of the driven ram. 





illustration e-2 


Intensifiers are available in single and dual 
pressure types consisting of a driving cylinder 
and |a driven ram. Most manufacturers offer 
bore|sizes 3'4" through 14" with ram combina- 


single pressure 
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PH Intensifier 


tions of 1" through 5%” diameter. Intensifiers 
are also manufactured in cylinder-to-cylinder 


types. 
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Single pressure intensifiers are cylinder-to-ram 
type| with double-acting driving piston. They 
provide high pressure output during the entire 
intensifier stroke. The volume output is equal 


to the ram displacement in the pressure chamb- 
er. The input fluid may be either air or hydraulic 
fluid. The output fluid is hydrualic. 





intensifier operating principle continued 


dual pressure 
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illustration e-4 


Dual pressure intensifiers are also cylinder-to- 
ram type with double-acting driving piston. 
They differ from single pressure units in that 
they allow low pressure flow to prefill and ad- 
vance the work cylinder. They then provide 





illustration 0-5 


PH Intensifier 
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high pressure during the work stroke of the cyl- 
inder. This high pressure volume output is equal 
to the ram displacement in the pressure 
chamber. The input fluid may be either air or 
hydraulic fluid. 


PH Intensifier 





intensifier usage 


1. To maintain intensified hydraulic pressure 
for long periods of time with no added power 
consumption or energy loss due to heat gener- 
ation. 


2. To provide easily varied high pressure by 
controlling the input pressure. 


3. To allow the use of more compact work 
cylinders. With intensified pressure, the hy- 
draulic cylinder can do the work of an air cyl- 
inder many times larger and heavier. This is 


particularly true in dual pressure intensifier 
circuits where low pressure is used for the ad- 
vance stroke and intensified pressure during 
the work stroke. 


4. To allow the use of lower cost, control com- 
ponents, since in most applications, the con- 
trols are in the lower pressure input portion of 
the circuit. 


5. To avoid safety hazards. Since intensifiers 
can be completely air-operated, they can func- 
tion safely in any environment. 
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how to select an air-oil tank 


With Air-Oil Tanks, shop line campressed air 
is converted into smooth hydraulic fluid flow 
that can be accurately controlled. Air-Oil Tanks 
may be used in an intensifier circuit or separ- 
ately in a cylinder circuit. 


Air-Oil Tanks are equipped with two fluid flow 
baffles. The air baffle at the top disperses the 
incoming air over the surface of the oil and 
avoids agitation and resulting aeration. 


The oil baffle at the bottom provides a smooth 
proportionate flow pattern. Oil turbulence is 
minimized. Oil leaves and enters tank without 
swirling, funneling, or splashing, which would 
result in aeration of oil, and oil being blown 
from tank in exhausting air. 


Each Air-Oil Tank is equipped with a sight- 
level gauge marked to show proper oil ща. 


Air and oil baffles are not identical. It is im- 
portant to mount the tank in a vertical posi- 
tion with the air port up and the oil port 
down. The tank will not operate properly in a 
horizontal position. 





PH Air-Oil Tank 
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how to select 


1. Determine the volume (cu. in.) of fluid re- 
quired to fill the cylinder at full stroke. (Bore 
area x stroke length.) 


2. Select proper tank bore and height from 
table e-2. The table will illustrate several bore- 
height combinations having similar capacities. 
Select the one having a rated capacity closest 
to but greater than, your volume requirements. 
The most economical choice is usually a higher 
tank with a smaller bore. If the tank is to be 
mounted in tandem with an intensifier, its bore 
will equal that of the input cylinder of the in- 
tensifier. It will then only be necessary to select 
tank height for proper volume. 




















3. Describe location of ports and sight gage 
when ordering. 


RATED CAPACITIES — CUBIC INCHES 


TANK BORE (Inches) 
6 10 
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388 
414 | 
| 438 | 
| 466 | 830 | 
| 490 | 873 
519 | 924 | 


table 6-2 
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horsepower — speed — torque table 





This table shows the relation between the output horsepower, speed, and torque of a rotary motor. If two of the characteristics are 


known, the third can be found. 


| Torque 
HP [0-7 
[00 50,000 
90 40,000 
30,000 
80 
20,000 
70 
15,000 
60 
10,000 
8,000 
50 
6,000 
ы 
bom 
NS 4,000 
40 N 
N | 3,000 
35 |“ 5%. 
> Е 2,000 
30 ч. 1,500 
I. 
1,000 
25 800 > 
600 ~ > 
NS 
20 400 ™ 
5N 
300 
EXAMPLE: 50 hp is transmitted at 300 rpm. 
|5 What is the torque? 200 
SOLUTION: Lay a straight line on the table which intersects Id 
50 hp and 300 dini. Determine the torque by 
noting where the line intersects with the torque 100 
scale. 
80 
60 
10 
BASED ON: 40 
Tx RPM x 27 
| 33,000 
Frictian losses and volumetric losses are not involved because the table covers only the output characteristics. 
tabla f-1 


КРМ 


[00 


150 


200 


300 


400 


500 
600 


800 


1,000 


1,200 
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rated full load torque table 


100 500 1000 1200 1500 1800 2400 3000 3600 
ВРМ ВРМ ВРМ RPM RPM RPM RPM RPM RPM 

88 13 .55 44 .37 

49 


1/4 13.10 1.76 1.31 1.10 

1/3 17.50 2.34 1.75 1.46 1.17 97 13 І 
1/2 26.30 3.50 2.63 2.20 1.75 1.46 1.10 73 
314 39.40 7.87 5.24 3.94 3.28 2.18 1.64 1.31 1.09 
1 52.50 10.50 7.00 5.25 4.38 2.92 2.19 1.75 1.47 
1-1/2 78.80 15.70 10.50 7.88 6.56 4.38 3.28 2.63 2.19 
105.00 21.00 14.00 10.50 8.76 7.00 5.84 4.38 3.50 2.92 
158.00 31.50 21.00 15.80 13.10 10.50 8.76 6.57 5.25 4.38 
263.00 52.50 35.00 26.30 22.00 17.50 14.60 11.00 8.75 7.30 
7-1/2: 394.00 78.80 53.20 39.40 32.80 26.60 21.80 16.40 13.10 10.90 
10 525.00 105.00 70.00 52.50 43.80 35.00 29.20 21.90 17.50 14.60 
15 788.00 158.00 105.00 78.80 65.60 52.60 43.80 32.80 26.50 21.90 
1050.00 58.40 43.80 35.00 29.20 
1313.00 13.00 54.80 43.80 36.50 
1576.00 87.40 65.70 52.60 43.70 
40 2100.00 58.20 
50 2626.00 72.80 
60 3151.00 87.40 





Please note that all torque values in this table are in foot pounds. Multiply Бу 12 to get inch pounds. 


For values not in the table, use one of these formulae: 
Torque = HP x 5252 - RPM 


table f-2 


НР = Torque x RPM = 5252 





hydraulic motor selection 


In selecting a hydrualic motor, first, requires 
the amount of torque needed to move the work 
(breakaway torque) to be known. Torque 
is known as rotary force and is accomplished 
by developing pressure within a motor hous- 
ing, against the motor vane, piston or gear 
face. This then generates a rotary action known 
as torque. Torque required can be found by 
multiplying the distance from the center of the 
hydraulic motor shaft to the end of the rotary 
arm, times the load or force which the rotary 
arm is required to move. T = RxF (Torque = 
Radius x Force). Breakaway torque "is the 
amount of torque required to initially start a 
load moving." This torque is generally much 
higher than "Running torque’. "Running 
torque" is the amount of torque required to 
keep a load moving after it has been started. 


Torque is found in terms of pounds-inch or 
pounds-foot of torque. Next establish a hy- 
draulic motor system working pressure. With 
the pressure established, the maximum torque 
that can be developed by the motor can be 
found by checking the manufacturers hydraul- 
ic motor specifications. This will enable you to 
determine how much torque can be developed 
per 100 psi or at the maximum system work- 


ing pressure. Depending on the system, some- 
times it is necessary to oversize the hydraulic 
motor as much as 40% or more to allow for 
the "breakaway torque" requirements. 


When hydraulic motors are being used at a 
high rpm or have a rotary mass (such as a fly 
wheel conveyor system, etc.), a cross-over re- 
lief or breaking relief valve should be utilized. 
These valves will absorb most of the shock 
created by the centering of the directional 
control valve and the inertia of the rotating 
mass. 


Hydraulic motors should be operated at the 
highest practical speed. Generally, 100 rpm is 
the lowest practical rpm unless the motor is 
designed for low rpm and high torque appli- 
cations. Gear reduction is sometimes used to 
obtain lower output shaft rotation with high 
torque requirement. With some systems, it's 
practical to increase the hydraulic motor size 
considerably. This allows the motor to obtain a 
lower operating speed and maintain a high 
torque requirement. Flow controls can be used 
to control the motor speed. Care should be tak- 
en in applying the flow control with each sys- 
tem. In some systems, a "meter out" applica- 
tion may create enough back pressure on the 
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hydraulic motor selection continued 


motor to cancel out some of the torque which 
the| motor otherwise is able to produce. On 
"Meter in" applications care should be taken on 
some lower rpm applications, where there may 
be binding or change in friction; this will affect 
the constant rpm. With "bleed off" applicatians, 
always use a pressure compensated flow con- 
trol. Some critical requirements may also re- 
quipe the pressure compensated flow control to 

temperature compensated. The "bleed off" 
d nh creates less heat in the system 
over the "meter in" or "meter out" arrange- 
ments. This is a HP savings. 


To calculate the amount of oil required to drive 
the| hydraulic motor at your specified rpm, 
first check the manufacturers specifications 
for the motor displacement. This displacement 
is generally given in cubic inches per revolu- 
tion. Multiply the number of in.3/rev. times the 
number of revolutions you have specified. Take 
this answer and divide it by 231 in? (231 in? is 


the number of cubic inches in one U.S. gallon). 
This will give you an answer in gallons per 
minute. The pump is required to deliver this 
amount of oil (gpm) to drive the motor at your 
specified rpm. Example: A fluid motor has a 
displacement of 1.61 in3/rev. The specifications 
state that the hydraulic motor should be driven 
at 1400 rpm. What pump delivery is required 
to drive this motor at 1400 rpm? 


1.61 in? /rev. x 1400 rpm = 2254 
2254 + 231 = 9.15 арт (delivered from the pump) 


A motor efficiency allowance factor should be 
taken into consideration. This can be found 
by checking the manufacturers specifications. 
This can increase the gpm requirement by as 
much as 10 - 15%. 





hydraulic motor calculations 
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Actual Torque (Ib. in.) = 


ЗГЕ 


цә 


Hi 
аў : 3 
шәй 


ЕТТИ 


1228 i ГАШ ДШ ЕК ЕГІТІГІНЕ 
4 


>- 
“Б ® ГЕ 
| ішін 
Аче 
IN 
qua Зи 





‚ E 

а, 

£p". E E in 
pag 


_ ELEM 





illustration f-2 PH Piston Motor [Germany] 


Pounds inch of torque = 


Pounds foot of torque = 


Torque (16. т.) = 


Brake hp = 


Pressure(psi) x displacement/ in? /rev. 


2T 
га hp x 63025 
T (Ib./in.) = ЕТ 
241 
ћр х 5252 
T (Ib./ft.) = 
БЫ ВРМ 
:3 даі 
Fluid motor speed = арт х 221 in ga 


Theoretical input torque is: 


(Displacement) in? /rev. x psi 
qc x es 
Brake hp x 63025 (use 5252 for Ib. ft.) 
RPM 
Hyd. output hp x 100 
pump vol. efficiency 
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motor 

circuits 
illustration f-3 РН Hydraulic Motor Nutating Hydraulic Motor illustration f-4 
unidirectional circuits cuits are condensed to their simplest form, to 


show one basic idea. These circuits can be com- 
bined with more complex hydraulic circuitry 
to form complete working hydraulic systems. 


The following are partial and complete hydraul- 
ic circuits, illustrating some of the ways hy- 
draulic motors can be controlled. Some cir- 





unidirectional motors 


(D 1) 


motors 


FLOW 


circuil f-1 





FLOW 


Circuit f-1 is basically the same as circuit circuit f-3 
f-2. A pressure compensated flow control 
(PCI) has been added (for variable speed) along 


with a check valve (C1). In circuit f-3 a pressure compensated flow 


control valve (PC-1) determines the motor speed 
A and the system relief on the power unit deter- 

mines the torque. The braking relief (R-1) only 
performs the braking function. 


D1 


Пи! 
LEM 


(РС!) 
FLOW 


circuit f-4 


circuit f-2 

NOTE: To eliminate the make up check require- 
ment for position (2) in circuit f-3 a direc- 
tional valve (D-1) with this center configura- 
tion can be used. 


NOTE: A 65 p.s.i. check. This is required in the 
return line for PH dual vane motors when in a 


"free wheeling" position. 
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hydraulic motor circuit continued 





circuit |-5 


braking relief unidirectional 


Unidirectional rotation with free-wheeling іп 
Ше directional valve (01) center} position (po- 
sition 2). The relief valve (R1) acts as a break- 
ing relief when (D-1) is in position (3). (R1) 
also has to be set at the maximum pressure re- 
quired to give you the maximum torque you 
need to do the work. 








circuit f-6 


over-run limiter 


Circuit f-6 can be used to slow or stop ап 
over-run condition. The pilot line from the brake 
valve (V-1) is connected to the inlet side of the 
motor (A). As the pressure increases the brake 
valve (V-1) opens and allows the motor (A) 
to turn. As the pressure drops the counterbal- 
ance valve (V-1) closes and brakes the motor 
(A) to a stop. The motor (A) should be able to 
take pressure at its outlet port and also be ex- 
ternally drained. 

















bidirectional circuits 


bidirectional motors 

These motors may be driven in either direction 
and may be controlled by various control 
valves. In circuit f-7, the motor is controlled 
by a 3-position, spring centered, 4-way direc- 
tional control valve with an open center. This 
allows the motor to "free wheel" in either 
direction, when valve (V-1) is in the center 
position (2) and also allows the pump to un- 
load back to the reservoir. A 65 psi check is 
required for dual vane motors. 





cirauit f-8 


dual/relief braking 

In this circuit (circuit f-8) two relief valves 
are used as braking valves. With this method of 
braking you are able to obtain one level of brak- 
ing in (A) direction and another level of brak- 
ing in (B) direction. 


(V1) 1 
FLOW 


circuit f-7 











circuit f-9 


cross-over relief 

This circuit (circuit f-9) is similar to circuit f-8. 
The difference is circuit f-9 has a single relief 
acting as a braking relief through several check 
valve (C1, C2, C3 and C4.) This circuit also 
has a single braking level regardless of rotation. 














bidirectional circuits continued 


BRAKING 
(E1) RE 


LIEF 





(OPTIONAL) 
FROM VENT 
PORT 


(F1) 





RELIEF HAS LOWER 
SETTING THAN 
BRAKING RELIEF 


motor control unidirectional 


In circuit f-12 a motor of any size can be 
controlled. Relief valve (В-1) is used as the sys- 
tem relief and counterbalance valve (R-2) is used 
as the braking valve. The directional control 
valve (D-1) can be 1/4" ported valve because 
of the small flow of oil flowing from the vent 
ports of valve (R-1) and (R-2). When (D-1) is in 
position (2) the motor is free-wheeling. When 
(D-1) is in position (3) the vent port to (R-1) 
is blocked and (R-2) is vented allowing the mo- 
tor to run. When (D-1) is in position (1) (R-1) 
is vented allowing system oil to flow to the 
reservoir. Valve (R-2) vent line is then blocked 
and breaks the motor to a stop. 
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optional - braking or free wheeling 


The torque is determined by the setting of the 
braking relief (E1). This is because the flow 
from pump (A) flows through the direction con- 
trol valve (D1) to the braking relief (E1). 


With the directional control valve (D1) in pos- 
ition (2), the motor (B) is "freewheeling" or 
able to coast, since all ports within the control 
valve (D1) are connected. 


With the directional control valve (D1) in posi- 
tion (3), the outlet port of the motor (B) is con- 
nected to the braking valve (E1). The pump 
(A) is unloaded through the directional control 
valve (D1) back to tank. 


Added Feature 

If the setting of braking relief (E1) circuit f-10 
must change between controlling pressure to 
the motor (B) and the braking function - this 
can be accomplished using the vent port of the 
braking relief (E1) and connecting relief valve 
(F1) to this vent port and setting (F1) at a lower 
pressure setting. Whenever needed energize 
valve (D2). 


This is accomplished by connecting port (A) 
in circuit f-11 to port (C) (vent connection) on 
the braking relief in question in circuit f-10. 


(R1) 


FLOW 





(D1) 
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NIE circuits continued 







ЕЖЕ: 


FLOW 


circuit f-13 


series motors 
In this requirement circuit f-13, we have two 
identical motors in series and will divide the 
available system pressure in proportion to 
the work load on each motor. This is due to the 
pressure that is developed in motar (B) (needed 
to generate its torque) is also working on outlet 
port of motor (А). Thus the ргеззиге required 
to develop the torque in motor (A) equals its 
required pressure, plus the pressure seen at 
motor (A) outlet port. NOTE: Motor (A) will 
have to be able to withstand pressure in |its 
outlet port. Both motors will run at approxi- 
mately the same speed regardless of their load. 


circuit f-15,| 


series motor circuit 

Maximum torque is available on motor (1) with 
relief valve (3) vented. Speed is controlled by 
flow control valve (4). 


Direction of motor (2) is obtained by directianal 
valve (5). 


With relief valve (3) loaded, the| pressures on 
motors (1) and (2) can be set independently. 


r | 





| FLOW 
circuit f-14 


parallel motors 


In this requirement circuit f-14, two identical 
motors are needed, by connecting the motors 
(A & B) in parallel and driving both with a 
single fixed pump, we are able to develop twice 
the torque, but half the speed of a single motor 


used in the same circuits. If both motors are 
required to rotate at approximately the same 


RPM, the use of pressure compensated flow 


control valves or flow dividers are required. 
Sometimes it may be necessary to connect the 
motors together mechanically if the loads vary 
greatly and the same speed is required. 


ЖИ 


circuit f-16 





series/parallel motors bidirectional 
In a system that requires two motors giving 
high-speed, low-torque and low-speed, high- 
torque, circuit f-16 may be used. When (D1) is 
in position (1) and (D-2) is in position (2) the 
two motors are connected in series and the 
high speed is available. When (D- 1) is in posi- 
tion (1) and (D-2) is in position (3) low speed 
and high torque is available. With (D-1) in 
position (2) and (D-2) in position (1) both 
motors can "free-wheel". Check valve (C-1) 
gives the required back pressure for the dual 


vane hydraulic motor. 
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bidirectional circuits continued 






АНАК 


(01) 1123 


Марке. 


FLOW 
circuit f-17 


multiple motors in series/parallel 
with free wheeling — 

This circuit operates the same as circuit f-16 
operates. The difference is this circuit has 
four motors rather than two. The principal is 
the same with (D-1) in position (2) and (D-2), 
(D-3) and (D-4) in position (1) all motors (А), 
(B), (C), (D) are free-wheeling. With (D-1) in 
position (1) and (D-2), (D-3) and (D-4) in posi- 


ь 4 (В) 






ЯШЕ ЯНЕХЕ 


sr 


tion (2) all motors (A), (B), (C) and (D) are in 
series with (D-1) in position (1) and (D-2), (D-3) 
and (D-4) in position (3) all motors are in par- 
allel by shifting (D-2), (D-3) and (D-4) into var- 
ious positions we are able to run motors (A), 
(B), (C), and (D) in series and parallel. (D-1) 
is used to start, stop or reverse the motors. 
With this circuit you are able to obtain various 
speeds and torques. 


closed loop circuits 





circuit f-18 


conventional overcenter rotary drive 


Direction and speed of rotation of the motor 
is determined by the amount of off-center of the 
variable pump. A single relief valve is used for 
acceleration and deceleration. A boost pump 
(A) will be necessary to give positive filling of 
the circuit. 


Regeneration from the hydraulic motor (B) is 
available for braking. 


BOOST PUMP m 


circuit f-19 


prevention of creep 


Due to the infinate variable speed control it 
is difficult on some controls and systems to 
zero the pump (А) to ensure the motor (В) 
stops positively. 


One way to achieve this is to fit a solenoid or 
mechanical valve (V-1) operated at the point 
or center which unloads the pump (A) to pre- 
vent motor (B) creep. 
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PRESSURE. LOSS DUE TO AIR FRICTION IN PIPES 
For Various Flow Rates, for 1/24 -in., 3/4-і iN., 1- ‘in., 1 -1/4in. Nominal Pipe | Diameters, at Initial Pressures of 60, 80, 100, 125 psi 


AIR FLOW RATES | PRESSURE LOSSES FÜR EACH 100 FEET OF PIPE LENGTH, PSI 
1/2-in. dis Diameter 3/4-in. Pipe Diameter 


[ss [ss эы | os [roo [umo 
11 09 08 














а cfm of vof Compressed Air | 


46 
1.74 | 
3.84 | 
6.93 
10.70 | 






Free Air, cfm 
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DENSITY AND VISCOSITY OF AIR 
AT ATMOSPHERIC PRESSURE (29.92 IN. HG.) 


Air Density (Ib/cu. ft.) " 
Absolute Pressure (in. Hg) — Nae ei 


- Velocity (Linear ft./min.) СС Ib./cu. ft.| slugs/cu.ft. 
-20 -4 | 


= Air Flow (cu. ft./min.) 
0.00272 


0.00261 
0.00251 
0.00242 
0.00238 
0.00234 
0.00226 
0.00219 
0.00212 
0.00205 


The effect of pressure and temperature on air density is given by 
the equation: 


LFM 
CFM 


1.325p" 
W ж amem 
460 4 oF. Ib./cu. ft. 





table g-3 
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CUBIC FEET PER MIN. LINEAR FEET PER MIN. 
WITH AIR FLOWING THROUGH TUBES 


Inside Diameter of Tube 





2744 
3210 


6456 3664 
7270 4120 
8080 4576 


_ 576 CFM 
т D? 


table g-4 illustration g-1 


PH Series "SSA" "plug-in" Valves 


Formula: M 
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PH Hustler 4 Way Air Valve - Air Operated 


illustration g-2 


save money and space 


by sizing your valves properly 

For each valve, you can “plug” your require- 
ments into the following simple formula, and 
determine the Cv needed to do the job. By not 
oversizing, you'll save space and money, and 
you ll ensure the valve you select will do the 


job. 


Converting the Job Requirements Into Cv 
(Capacity Co-efficient). 


Cylinder Area Cylinder өд" Compression 
(Sq. In.) X Stroke (See table Factor 
(See table 3-5) (In.) 9-6) (See table g-6) 





С, = 


Stroke Time (sec) x 29 


Let's work through an example— 


want to extend a 3-1/4" bore cylinder 

which has a 12" stroke in one second, and we 

haye a supply pressure of 80 р.з.1. to do Ше 
work. Here's what we know: 


Cylinder area for a 3- 1/4" bore, 


Table 9-5 .................... 8.30 sq. in 
Cylinder ИР es .12 in. 
Stroke time required in seconds. ..... 1 sec. 

"А" constant for 80 psi, from 

able 9-6 ..................... 048 
Compression factor at 80 psi, from 

able g-6 .................... 6.4 





air valve selection 


In many instances, conductors, conditioners, 
and valves are selected on the basis of the port 
size of the actuator to be controlled. Generally, 
this method leads to oversize conductors and 
conditioners. There remains, however, the 
problem of selecting the proper size valves to 
maintain the correct operating pressure at the 
actuator. 


EFFECTIVE SQUARE-INCH AREAS 
FOR STANDARD-BORE-SIZE TM 





lable р-5 


COMPRESSION FACTORS & “A” а 


"A" Constants For Various 


Inlet Pressure Drop 


Pressure Compression 


Factor 10 psi 


AP 





NOTE: Use “A” constant at 5 psi AP for most applications. 
On very critical applications, use "A' at 2 psi AP. You will 
find in many cases a 10 psi AP isnot detrimental, and can 
save money and mounting space. | 


lable g-6 
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air valve selection continued 


Substituting in the formula, we have: CHARACTERISTICS 
OF THE MAJOR VALVE DESIGNS 
с = 8.30 x 12 x .048 x 6.4 _ 1.05 . Piston Poppet . High flow capacities 
Y 1x29 : 3-Way and 4-Way . Minimum lubrication requirements 
. Fast response 
Any valve, therefore, which has a CV of at least + Selicleaning poppet seats | 
1.05, will extend our cylinder the specified d eed La oA 


fications for vacuum to 250 psig) 
distance in the required time or faster. _ Spool - Medium flow capacities 
3-Way and 4-Way . Short stroke and fast response 
. Inexpensive 
. Wide range of flow-path config- 
urations, actuators, accessories 
. 4 and 5 position 
. 2 апа 3 position 
SERIES 4510 . Metal-To-Metal . Medium flow capacities 
("LAPPED") SPOOL . Susceptible to dirt and varnish 
4-Way build-up causing sticking and 
malfunction. 





. Rotary Or . Inexpensive 
illustration g-3 Reciprocating Disc 2. Versatility in manual actuation 
4-Way, Manually 
4-way, 2-position, 5-ported ВЕНЕ 
. Packed Bore . High flow 
4-Way . Wide range of flow-paths 
, . . 2 and 3 position 
choosing the valve design . Pressure to 150 psi and with 
Your next step is to choose a basic valve de- мае 





sign to do the job. For a quick guide to valve 


designs, see table g-7. table g-7 
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Parker Hannitin Corporation 
Pneumatic 





013290. 
(616) 694-9411 





3 
ШІ i ӨТІН) e 


18 мол 








These new Parker Air Valve and F-R-L Sizing 
Calculators simplify selection.These design aids 
will select the correct valve or F-R-L to your 
system requirements. This means a correct and 
economical initial investment, with known effi- 


ciency through the entire life of your air control 
system. If you are interested in either of these 
items, contact your Parker Distributor or the Fluid 


Power Training Department, 17325 Euclid Ave., 
Cleveland, Ohio 44112. 
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air formula 


V = Volume of free air in cu. ft. 

У. = Volume of compressed air in cu. ft. 
V, = Volume of expanded air in cu, ft. 
Ут = Volume of tank in cu. ft. 

Vp 1 Pump capacity in cu. ft. per minute 
Vg = Cu. ft. per pump rev. (free air) 

P 1 Gauge pressure in Ibs. per sq. in. 

РА = Absolute pressure in 156. рег sq. in. 
Рт = Final absolute press. in tank. (inches mercury) 
ly = Inches of mercury, gauge 

ly = Inches of water, gauge 

X Feet of water, gauge 

F = Linear velocity in ft. per minute 

Fs = Linear velocity in ft. per second 

a = Area т sq. inches 


Area in sq. feet 

Diameter in inches 

Length in feet 

Time in minutes 

Absolute Temperature Fahrenheit = 
460 * Fahr. Temp. 

Coefficient of orifice 

Revolutions of pump 

3.1416 

Barometric press. in inches mercury 
(absolute pressure) 

Temperature Fahrenheit 

Weight in pounds 

Pump capacity in cfm. expanded air 


ОР 
nou nw ud 


> 


= 


са DO --r- 


=> 
H Uu M 


О 

т 

= 
| 


Cubic feet per minute 





formula 


To find the absolute pressure when the gauge 
pressure or the inches of vacuum are known, 
the following formula can be used (at sea 
level): 


14.7 (29.9 + Iņ) 


= у -1- = 
Р = 14.7+P 29.9 


To convert inches of mercury to p.s.i. or vice 
versa: 


I" 
Р = 5036 | = 2.036Р (at 32 F) 
To convert inches of water to p.s.i. or vice 
versa: 


"m | = 
"27685 № = 27.686 P 


To convert feet of water to p.s.i. or vice versa: 


Е 
Р=—_ | Fw 


2.307 = 2.307 Р 


To convert feet of water to inches of mercury 
or vice versa: 


I" 
Fy = “88 m - .88 Fwy 
To find the volume of a given amount of air 
when it is under pressure (when atmospheric 
pressure is 14.7 lbs.): 


14.7 _ 14.7 


МУ Ур тата P 





To find the volume of a given amount of air 
when it is under vacuum (when atmospheric 
pressure is 14.7 lbs.): 


14.7 
PA 





М, = У 


To find the velocity in feet per minute of air 
flowing through a pipe when the volume is 
known (friction not considered): 


Е = 36CFM 
тр? 
For Boyle's law the formula is 


РА ХМ = constant 


For Charles' law the formula is: 
РАХМ 
ТА 
When air flows through an orifice and the diameter 
is constant, the pressure will vary as the square of 


the folume: (Upstream conditions define as 1, 
downstream define as 2). 





= constant 


When the pressure is constant, the volume will 
vary as the square of the diameter: 


When the volume is constant, the pressure 
will vary as the fourth ш of the diameter: 


P 0 
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flow of air through orifices 


The flow of air through orifices depends upon 
the air pressure, the orifice diameter and the 
coefficient of the orifice shape. Many com- 
plicated formulae have been devised for calcu- 
lating the flow and one of them when simpli- 
fied is approximately as follows: 


СЕМ. =22xcd? У Р = 1096 с A/ = 


Where: the ambient temperature = 72°F 


Coefficient of orifice 
Diameter in inches 
Pressure in tnches water 
Area in square feet 

Inches water gauge 
Weight of air in Ibs./cu. ft. 


Sit р> чао 
Hog dH wou ou 


Thus it will be seen that the volume varies dir- 
ectly as the coefficient of the orifice, the 
square of the diameter, the square root of the 
pressure and the square root of the reciprocal 
of the weight. 


Since air has a weight of .0766 and hydrogen 
.0053 lbs. per cu. ft. it can be seen from the 
above formula that the light hydrogen will 
flow about four times as fast as air. 


Table g-8 below gives approximate figures for 
the flow of air through holes having a coef- 
ficient of .60. 


By noting the coefficients of the orifices it is 
evident that the shape of the orifice has a 
great effect upon the flow of air through the 
orifice. 


Note that the orifice with the rounded 
entrance and having a coefficient of .98 will 
pass nearly twice as much air per minute as 
the orifice with the sharp entrance which has a 
coefficient of .53. 


When dealing with a number of small orifices, 
the volume of air that will pass through them 
per minute is the same as will pass through 
one large orifice having an area equal to the 
sum of the areas of the small orifices. 


FLOW OF AIR THROUGH ORIFICES UNDER PRESSURE 


ORIFICE DIA. 1/4 1/2 1 
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flow of air through pipes 


Large Flow or Remote Controlled Regulator 





T 
illustration g-4 


When air flows through pipes the flaw is retarded 
by the friction of the walls of the pipe. This causes 
the air flow to slow down near Ше pipe walls while 
the velocity is high at the center of the pipe. The 
result is pressureloss. Thislossis proportionately 
| | i | T 
greater when the air pressure is low than when it is 
high. The loss is much less if the pipe diameter is 
increased. 


(2) 80% PSI 2) 80 PSI 


— 3 --- 








illustration g-5 


Referring to the figure above it will be nated 
that the entrance pressure is 80-1/2 p.s.i. and 
the| exit pressure is 80 p.s.i. In this case the 
pressure loss due to friction is 1/2 p.s.i., that 
is, 1/2 p.s.i. is required to overcome the pipe 
friction. 


If an elbow is placed in the line it will cause a 
loss as much as 5 to 10 feet of pipe would 
cause. The fractional loss in an elbow depends 
upon the radius and the following table shows 
the relative losses: 


COMPARATIVE 
83 





illustration g-6 


Thus it will be seen that it is preferable to use 
large radius elbows to cut down friction loss. 


The frictional loss in a tee or a branch is even 
greater than in an elbow as is seen in the 
following table: 


ANGLE OF |COMPARATIVE 
CONNECTION| LOSSES 


15 degrees 
45 degrees 
60 degrees 
90 degrees 







illustration g-7 


Thus it will be seen that the friction loss in a 
90 degree tee is great and it is therefore pre- 
ferable to use Y branches whenever possible. 


— 


i 
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PH Pneumatic Flow Control Valve 


illustration g-H 
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flow of gases through an orifice 


The following formula applies to other gases 
as it takes into consideration the weight of the 


gas: 
Е / 1, 
V = 1096.5 с А W 


For heating air which is lighter, the following 
formula may be used: 


B 


W 7346.5 + 75351 


Where: 

V = Cu. ft. of air per minute under atmospheric 
pressure 

Coefficient of orifice (see table g-10) 

Area of orifice in sq. ft. 

Pressure of air in inches of water 

Weight of one cu. ft. of air (at temp.) 
Barometric pressure in inches Hg. 
Fahrenheit degrees 


+ оз ро 
| | ud mm i 


Dry air at 72°F 
Dry air at 212°F 
Dry air at 500°F 


Carbon Dioxide 
Hydrogen 
Nitrogen 
Oxygen 


table g-9 








FLOW OF AIR THROUGH THE ORIFICE 





table g-10 


ги 
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flow meter 


This instrument, shown below, is used to mea- 
sure the flow in pipes in which the air is under 
pressure. It measures the pressure drop across 
the accurately drilled orifice "H" which has 
known coefficient. The pressure ahead of the 
orifice is picked up at "A" and the pressure 
beyond the orifice is picked up at "B" and the 
U tube indicates the difference in the pres- 
sures or the pressure drop across the orifice. 


A B 


| H 
illustration g-10 г 





The cu. ft. per minute is found from the 
formula: 


C 
CFM. 60 Ix P 
Where: 
с = Coefficient of orifice (table g-10) 
I = Gauge reading in inches water 
P = Absolute pressure in PSIA (taken upstream) 


CFM.= Cubic feet of free air per minute 


g-9 
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PH Filter-Regulator-Lubricator Combination 


illustration g-11 


Filter Application — Certain general considera- 
tions apply to all air-preparatian units. Most 
important, units should be sized according to air- 
flow demands — not according to pipe size. 


For instance, an oversized filter may not im- 
part enough swirling action to separate all the 
droplets. Conversely, an undersized filter 
| 

creates too much turbulence in the air being 
processed. This turbulence prevents the 
liquids from settling into Ше "quiet zane.” 
Undersized units may also add excess pres- 
sure loss to the system. Flow capacities for a 
given port size also vary among different 
manufacturers because of variations in inter- 
nal construction. 


Air-drop lines to conditioning units should be 
attached to the top of the main header to de- 
créase the amount of liquids that might run 
ee to equipment, illustration g-19. A separ- 

drain should be provided for those liquids 
which do accumulate at low points in the main- 
header line. 


Conditioning units should be installed as 
clase as possible to the point of use, consist- 
еп! with accessibility for inspection and pos- 
si Ме servicing, illustration g-19. Bends in the 
1 lines should be avoided since they cause ad- 
ditional pressure drop in the system. In addi- 
tion, momentum forces tend to deposit lubri- 
cant at bends. Necessary turns should have as 
large a radius as possible. 


Filters should be installed upstream from, and 
as close as possible to, the devices to be pro- 
tected. Filters remove only droplets and solid 
contaminants; water vapor 15 not affected. 
Thus, vapor can condense between the filter 
and the components being served. To mini- 
mize this possibility, filters should be located 
as close as possible to the point of use. 


The filter bowl must hang vertically so that 
free moisture and oil droplets cling to the 
inner surface of the bowl as they work their 
way down to the quiet zone at the bottom of 
the bowl. 


Filters should be located so that manually 
drained bowls can be observed and drained 
when necessary. Drain lines should be provid- 
ed for filters that incorporate automatic drain 
devices. 


Normally, filters have no moving parts to service 
or adjust. However, the filter element should be 
replaced when the pressure differential across the 
filter unit exceeds 10 p.s.i. While a manual drain 
requires regular attention, it is necessary to drain 
the collected liquids and solids only when their 
level approaches the lower baffle. 


Regulator Application — A regulator should 
be located for convenient servicing. 


The pressure setting should be adjusted to the 
value required by typical operating condi- 
tions. The "no flow" pressure setting differs 
from the secondary pressure under flow condi- 
tions. А slight decrease in secondary pressure 
with increasing flow through the unit is 
normal. 


Regulator flow characteristics are affected by the 
spring rate used to cover the desired pressure 
range. Generally, a standard unit is rated for 250 
p.s.i.g. primary supply pressure; an adjustable 
secondary pressure is rated from 3 to 125 p.s.i.g. 
Low-pressure (1-1/2 to 60 p.s.ig. and high- 
pressure (5 to 250 p.s.i.g.) units are also available. 


If an application requires 30 p.s.i.g., then the 
standard unit will probably be satisfactory. 
If optimum performance is required, the low- 
pressure unit can be used, since its lower 
rate spring gives better performance 
characteristics. 


The standard, adjustable secondary pressure 
range is satisfactory for most industrial pneu- 
matic applications. 


All secondary pressure requirements are cover- 
ed by one pilot-controlled regulator, since the 
secondary pressure range of a pilot-control- 
led regulator is determined by the range of its 
pilot regulator. 


If the pressure and flow requirements of a 
system vary widely, a pilot-controlled regula- 
tor with a high-pressure pilot regulator pro- 
vides the best performance. 


If the decrease in pressure under flow condi- 
tions seems excessively high for a particular 





application continued 


application, the supply lines, the regulator 
unit, or other system components may be 
undersized for the application. A clogged filter 
element can also cause an excessive decrease 
in pressure under flow conditions. 


To lower a setting, the regulator should be re- 
set from a pressure below the final secondary 
pressure desired. For example, to lower the 
secondary pressure from 80 p.s.i.g. to 60 
p.s.i.g., decrease the secondary pressure to 55 
p.s.i.g. or less, then adjust it upward to 60 
p.s.i.g. 


In a nonventing regulator, some secondary air 
must be exhausted to lower the setting. Many 
regulators include a constant bleed of second- 
ary air to obtain good pressure-cracking 
characteristics. A small fixed bleed in the 
secondary line provides the same effect. This 
modification is especially important in no- 
flow conditions, and permits the regulator to 
provide immediate response. 


To determine the required secondary pressure 
setting, follow the recommendations of the 
manufacturer of the equipment being served. 
When recommended pressures are not avail- 
able, use as low a setting as practical to ac- 
complish the desired performance. Lower pres- 
sures minimize wear and conserve air. 


design engineers handbook (PR 





PH Filter-Regulator “Piggy Back" and Lubricator Combination 


illustration g-12 


Pilot-controlled regulators are applied in the 
same way as standard spring-controlled 
regulators. The distance between the 
pilot-controlled regulators and its pilot regula- 
tor is not critical. 


Regulators do not require routine mainten- 
ance in normal service when properly protect- 
ed by filters. The secondary pressure setting 
should be checked, however, whenever sys- 
tem requirements change. 


lubricators 





illustration g-13 ates 


The lack of proper lubrication in pneumatic power 
components creates excessive maintenance costs, 
production inefficiency and premature failure. 
Proper lubrication allows components to operate 
with a minimum of friction and corrosion, and it 
minimizes wear on the component parts. The most 
economical way to lubricate pneumatic compo- 
nents is with an air line lubricator. [п most cases it 
is also the most efficient. 


The Mist Lubricator is the most commonly used, 
in-line lubricator. It is the direct flow type. It 
permits every drop of oil in the sight dome to go 
downstream into the air line. All the oil observed 
in the sight dome flows.downstream in aerosol 
form, ranging in size from .01 to 500 micron 
particles. This lubricator can be filled while the air 
line is under pressure since it contains a pressuri- 
zation check valve. 


The Micro-Mist Lubricator was developed to 
fulfill the requirements of the more difficult 
applications. It is a recirculating flow type 
lubricator. This means that the oil, once injected 
into the air, is recirculated into the bowl of the 
lubricator where the larger oil particles fall out of 
the air. Only the smaller oil particles that float 
around in the upper part of the bowl go down- 
stream. The particles going downstream in this 
type of lubricator range in size from .01 to 2 
micron. This lubricator, because of its design, 
cannot be filled under pressure unless a remote fill 
button is incorporated into the lubricator. 


Oil mist flowing from the two different lubricators 
will remain suspended over varying distances. 
Direct flow Mist Lubricators can achieve oil 
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particle suspension in the line over a distance of 20 
feet, utilizing the greater portion of the oil supply 
available. By comparison, as shown in Illustration 
2-14, the recirculating flow Micro-Mist Lubricator 
can keep the majority of the oil suspended in the 
piping for approximately one hundred feet. This 
can pe achieved because of the absence of the 
larger oil particles in the output of the Micro-Mist 
Lubricator. The larger particles in the Mist 
Lubricator tend to "eat up" or "coalesce" the 
smaller particles as that aerosol mixture flows 
downstream. Because of the absence of thése 
larger particles in the Micro-Mist Lubricator, this 
"coalescing" or "eating up" affect is not prevalent. 
Consequently, the oil particles that do come from 
the lubricator can remain suspended over consid- 
erably longer distances of piping. 


oil mist in suspension 





Micro-Mist Lubricator 
Majority| Suspendec 
in Piping for 100 Feet 


Mist Lubricator Majority 
Suspended in Piping for 20 Feet 


illustration g-14 


Both lubricators are fitted with an easily adjusta- 
ble precision needle valve which insures consist- 
ent oil delivery. The needle valve and the seal itself 
are long and tapered to provide а large area 
through which the oil can flow for a given setting. 
This design results in a significant reduction in the 
filtering effect of dirt in the oil between the needle 
and valve seat to insure that the drip rate will 
remain constant. 


mist lubricator 


The Mist Lubricator injects oil into the air. The 
resulting air-oil mixutre is then carried directly 
downstream as shown in illustration g-15. Air 
passes through the vortex generator where the i 
dripsjinto Ше air stream andis atomized. Then Ше 
air-oil mixture flows directly into the secondary 
port cavity and downstream. During very low air 
flows the air passes through the center of the 
vortex generator. As the air flow increases, the 
flexible bypass disc starts to bend, permitting this 
increasing air flow to bypass the center of the 


vortex generator. The bypass disc allows the 
pressure drop to be controlled in the lubricator as 
the flow changes, thereby providing linear oil 
delivery. Mist Lubricators start delivering oil 
when minimum flow of one SCFM is reached. This 
permits the lubricator to be used for low flow as 
well as high flow applications. It can be filled 
while under pressure, simply by hand removing 
the fill plug. The air in the bowl will automatically 
exhaust as soon as the "O" ring seal is broken on 
the fill plug. The lubricator can then be filled with 
oil and the fill plug replaced and hand tightened. 
No wrenches or screw drivers are needed. When 
the pressure in the bowl is exhuasted, the 
pressurization check valve reduces the flow of air 
to the bowl to a minute induced bleed. It is this 
bleed that repressurizes the bowl once the fill plug 
has been replaced. 


micro-mist lubricator 


The Micro-Mist Lubricator injects oil into the air 
and then recirculates the resulting air-oil mixture 
into the bowl of the lubricator, as shown in 
illustration g-15. It is here that the larger oil 
particles fall out of the air. Only the smaller oil 
particles, ranging in size from .01 to 2 micron, go 
into the air stream. 


Sight Dome 


а 


ТАГ 


Polycarbonate Bowl] 


illustration g-15 


Drain 


lubricators continued 


This represents approximately 3% of the oil seen 
dripping in the sight dome. (To get one drop 
downstream, adjust the lubricator to a drip rate of 
33 drops per minute). All of the oil particles above 
2 micron in size (which represents approximately 
97% of the oil dripping іп the sight dome) fall out of 
the air into the bowl. The vortex generator and 
bypass disc assembly is the same in both lubrica- 
tors. Consequently, the Micro-Mist Lubricator 
will also deliver oil with a minimum of 1 SCFM air 
flow. The ability to support large reverse flow 
with no oil delivery in reverse flow conditions is 
another feature of the Micro-Mist Lubricator. This 
ability makes the Micro-Mist Lubricator ideal for 
piping between a valve and a cylinder. 


Micro-Mist Lubricators are particularly well 
suited for the following applications: (1) where 
instant oil delivery and lubrication are required, 
whether the air line is wet or dry, (2) in systems 
where multi-point lubrication is required, such as 
lines that contain several valves and cylinders, (3) 
where large oil drops from the air exhaust would 
contaminate either the environment or the 
material being processed. The Micro-Mist Lubri- 
cator actually permits less oil to be injected into 
the air line to perform the lubrication job, (4) 
where the air line includes (after the lubricator) 
valves, bends and similar baffling points that 
would tend to separate out heavier particles, (5) 
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where ease of drip rate adjustment is required, (6) 
for high cycle pneumatic applications, (7) where 
very low flow rates are necessary, (8) where theoil 
particles stay in suspension in the air lines for 100 
feet or more, (9) where the oil particles must stay 
in suspension for more than 10 minutes, and (10) 
where the oil mist becomes a vaporous part of the 
air and travels as part of the air until it is baffled 
out by bearings, vanes and turbulence. 





Vortex 
Generator 


illustration g-16 
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application 


Provides adjustable decelerating air cushion- 
ing for handling high inertia loads at fast 
stroke speeds. 


Valve (1) supplies air to the head end of the 
Cylinder and simultaneously to the piston 
operator of valve (5) thru the flow control 
valve (3). Full exhaust rate from the Cap end 
of the cylinder permits fast stroke rate until 
valve (5) is made to operate as pressure builds 
up in the piston operator. When valve (5) is 
operated, the cylinder Cap end exhaust is re- 
stricted by valve (7). The resulting pressure 
buildup produces an air cushion that controls 
the high inertia of the stroke load. On the 
return stroke, valves (2), (6) and (4) function 
in a like manner to valves (5), (3) and (7). 


* Volumes represent added volume to control air system 
which should be sufficient to broaden the adjustment range 
of valves 3 and 6, so that desired settings can be easily 
accomplished. 


circuit g-1 
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application 

Remote Control of reversible air motors. 
Regulated supply air pressure is applied to 
both air motor ports with valves (3) and (4) 
in normal position. Balanced pressures does 
not cause motor rotation to occur. 


Operation of pilot valve (1) alone directs pilot 
pressure to the air operator of valve (3). When 
operated, valve (3) provides an exhaust path 
Гог опе port of the air motor and "forward" 
rotation occurs. 


Return of valve (1) to normal relieves the air pi- 
lot pressure of valve (3) and air motor rota- 
tions stops. 


Operation of valve (2) alone functions in a like 
manner to valve (1) controlling valve (4) 
which produces "reverse" air motor rotation. 


Simultaneous operation of valve (1) and (2) 
in no rotation. 


circuit g-3 


application 

To provide means of rapidly dropping pres- 
sure in one end of large air cylinder to produce 
“no delay” starting when 4-way Control Valve 
is operated. Problem Occurs mast frequently 
where Flow Control Valves must be set for 
very low metered flow. 


When valve (1) is operated, pressure is directed 
to the Cap end of the Cylinder and to the 
piston operator of valve (3).Valve [2) isoperated 
by the piston rod cam. The piston rod cam 
length or "dwell" will determine the distance 





circuit g-2 





of piston rod movement before valve (2) re- 
turns to the normally closed position. 


The exhaust from the cylinder head end is un- 
restricted while both valves (2) and (3) are 
operated and the start of the stroke will be fast. 
When valve (2) returns to normal position, the 
speed of the balance of the stroke distance is 
controlled by valve (4). 

Returning valve (1) to normal positon directs 
pressure to the head end of the cylinder 
through valve (4). Valve (3) returns to normal 
position also. The speed of the return stroke of 
the cylinder is controlled by valve (5). 
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LIQUID LEVEL CONTROL 
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CONTROL SIGNALS 
FILL 


AN 


20 PSI 
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PROBES CAN BE MOUNTED AT 
IDENTICAL DEPTHS. CONTROL 
CAN BE ADJUSTED TO MAIN- 
TAIN LEVEL WITHIN 71/8" 
MINIMUM DEPTH 1", 
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DUAL AIR EXHAUST CONTROLS 
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NON-REPEAT CIRCUIT 
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OSCILLATING CIRCUIT 


CYL.PORT A 


CYL.PORT B 
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compressor considerations 


FLOW OF AIR a AIR-INTAKE AND SILENCER RECEIVER 
и ДР 
TO PLANT AIR 
Mis / DISTRIBUTION 
AFTERCOOLER 
R | 
FIRST OR Low. 9 SECOND OR HIGH- =a 


PRESSURE STAGE 


TYPICAL COMPRESSOR 
INSTALLATION 


illustration g-17 


The first element required for a pneumatic 
system is a source of compressed air. In select- 
ing a compressor, consider these items: 


1. Present needs and possible future require- 
ments in terms of pressure and amount of air. 


2. Possibility of splitting the requirement bet- 
ween two compressors, so that when one unit 
is down for servicing, work stoppage is 
avoided. 


COMBINED INDICATOR CARD 
COMPARING SINGLE-STAGE 
AND TWO-STAGE COMPRESSORS 
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graph g-2 


Graph g-2 shows a typical indicator card for a 
two-stage compressor superimposed over the 
card for a single-stage compressor. The trace 
for the single-stage unit is outlined by points 
1-A-B-C. The first stage of the two-stage unit 
is outlined 1-2-3-4 and the second stage by 
5-6-7-8. The shaded area represents the work 
saved by the two-stage over the single-stage 
compressor. Heat developed during compres- 
sion in the first stage is transferred through an 
intercoller to circulating water. 


PRESSURE STAGE 


AUTOMATIC DRAIN 


R TWO-STAGE COMPRESSOR 


When air demand is 1,000 cfm or greater, a 
centrifugal compressor should be considered. 
One of the advantages of this type of unit is 
its availability as a complete package requir- 
ing only a rigid base for installation. Since 
centrifugal compressors require no lubrication 
in the air chamber, they are well suited for 
applications requiring oil-free air. 


Regardless of whether the compressor is re- 
ciprocating or centrifugal, the air intake 
should be in a cool, clean location. It should be 
kept away from steam exhausts, paint sprays, 
chimneys, and sources of contamination such 
as sulphur dioxide. This common product of 
combustion, when inhaled by the compressor, 
combines with the water in the air line to form 
sulphurous acid. This acid can damage the en- 
tire system from the compressor to the actua- 
tor that utilizes the air. 


The air should be filtered at the intake. After 
the air leaves the compressor, it should be 
passed through an aftercooler which con- 
denses much of the moisture in the air. Water 
removed by the separator is collected in a trap 
and discharged from the system. 


The last stop before the air enters the distri- 
bution lines is the storage or receiver tank. 
Size should be large enough to reduce air velo- 
city for further moisture removal and to allow 
for future requirements. The receiver should 
be equipped with an automatic drain to keep 
the tank free of water. 
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compressed air is not free 

Although air is "free," compressed air is not. The 
cost ranges from 25c per 1,000 cu. ft. in large 
installations down to about 10c per 1,000 cu. ft. in 
large installations. Air losses through leaks that 
total the equivalent of a 1/2-inch diameter hole 
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compressor considerations continued 


amount to 11,700,000 cu. ft. per month. At an 
average cost of 12 1/2с per 1,000 cu. ft., the 
monthly cost is $1,400. However, since anairleak 
is clean, it is often tolerated in situations in which 
a 5 G ia leak would receive immediate atten- 
tion. 


COST OF AIR LEAKS 


Diameter Approximate| Air Loss | „ч | 
of Leak Power Loss | per Month | per Month 
(іа) | (1000 си. ft.) 





NOTE: Based on cost of 15c per 1000 cu. ft. and orifice coefficient 
of 0.65. 


table g-10 





Moisture condensed by the expansion of the 
air along with oil from the compressor, moves 
along the bottom of the pipe in the direction of 
air flow. To keep most of this emulsion out of 
valves, cylinders and tools, outlets should al- 
ways to be taken off the top of the lines, illus- 
tration g-19. The lines should slope approxi- 
mately 1 inch per 10 ft. in the direction of air 
flow, with drain legs at the low points. 


See illustration g-17 for a typical compressor 
installation. 


A loop pattern, illustration g-18, in the air-dis- 
tribution system allows use of small pipe and 
assures more equal distribution throughout 
the plant. This arrangement provides a paral- 
lel path to all work points. At points of heavy 
momentary demands for air, a receiver can be 
used to store the energy for peak demands, and 
thus prevent serious pressure losses. 


TYPICAL AIR-DISTRIBUTION SYSTEM 


RECEIVER 


AUXILIARY RECEIVER FOR 
INTERMITTENT HEAVY LOADS 


DRAIN LEGS —— ` © 


AUTOMATIC DRAIN 


illustration g-18 
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RECOMMENDED AIR-DROP LINE ARRANGEMENT 
TEE OFF TOP TO SUPPLY ALL EQUIPMENT 


PITCH 1 IN. PER 10 ft 





Ж 


DROP LEG FROM 
TOP OF MAIN LINE 


SLUDGE 
COLLECTION 


AUTOMATIC 
DRAIN 


AIR TOOL 
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Spring return side 
ported sub base 


РН Mod-Logic Valves on a Manofold 
ration g-20 
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4-way, 5-ported, 

lapped-spool design 

Unique Versatility — The five ports of a Mod- 
Logic relay valve provide four flow paths that 
can Бе used to obtain an almast limitless 
variety of control functions. 


Fewer Components Required — Compared to 
other controls, particularly those designed for 
3-way logic, Mod-Logic can perform the same 
control functions with up to half the number 
of и" components. 


High Speed Operation — The Mod-Logic me- 
lay valve uses a micro-lapped spool with ап 
extremely short stroke of only 0:1 inch. The 
spool requires air approaching “по volume’ to 
shift—only .005 cubic inches. Result: under a 
50 pis.i.g. pilot signal, valve response time is 
only|3 milliseconds! 


Almost Zero Leakage — As a result of close 
tolerance clearance between valve body and 
spool and miniature unit size, Mod-Logic 
valves have negligible air leakage. Air loss 
averages less than 0.002 scfm at 5D p.s.i.g. 


100 Million Cycle Operating Life — Valve life 
averages 100 million test cycles with properly 
filtered air—either dry or lubricated. 


Easy Servicing -- By simply removing two 
screws, you can take a Mod-Logi¢ component 
out lof a circuit without disconnecting a 
single line. And Mod-Logic's clear-view spool 
position indicator lets you locate any circuit 
malfunction quickly and easily. 


mod-logic 





PH Mod-Logic Valve Illustration 
illustration g-21 


"plug-in" mounting & manifold base 
Simplified Installation — Mod-Logic's push-on 
barbed fittings require no special tools, sleeves 
or sealing compounds. Because of the minia- 
ture size of Mod-Logic terminals and 1/16" 
I.D. tubing, neat, compact harnessing and la- 
beling of circuitry requires a minimum of space. 


The universal system of mounting and port- 
ing Mod-Logic components also simplifies 
the design and fabrication of special unitized 
manifolding. 


Modularity — Mod-Logic's universal base di- 
mensions fit standard 3/4" mounting centers. 
As a result, system assemblies are neat, com- 
pact, modular units. 





illustration g-22 


Unique Mod-Logic barbed terminals retain 1/16" 1.0. tubing 
under à full 100 p.s.i. air pressure, yet tubing slips on easily. 
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mod-logic base markings 


LOR SERIES VALVES 


NO MOUNT & ANGLE MOUNT SUB BASES 


4 2 


О О 
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PL 5282 FLOW CONTROL UNIT 
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vacuum 





"4501" Series 1/8 & 1/4 in. NPT 
4-Way, 5-Port, 2-Position Double Solenoid 


illustration g-24 


The| term "Vacuum" means a зрасе absolute- 
ly devoid of all air or gas. This term is not 
strictly adhered to and the term "Vacuum" is 
usually applied to any degree of pressure less 
than the atmospheric pressure of 14.7 pounds 
per square inch. If we reduce the pressure in 
an air tight container until it is, say 9 lbs. per 
square inch absolute pressure, we will have a 
partial vacuum. If we reduce the pressure still 
further until it is zero, we will have a full vac- 
uum or perfect vacuum. When we speak of a 
very high vacuum we mean a very low abso- 
Іше pressure. Partial vacuum is usually meas- 
ured with a mercury manometer gauge and is 
given in inches of mercury more often than in 
pounds absolute pressure. Millimeters are 
sometimes used instead of inches. 25.4 milli- 
meters equal one inch. 


flow of air 


through orifice under vacuum 

When picking up a sheet with vacuum, if a 
small opening is used, the pick- -up force will 
be small because the force is proportional to 
the hole area. 


If а large opening is used, the force will Бе 
proportionaltely larger but between pick-ups 
the vacuum will drop due to the air rushing 
freely into the large opening. 


VACUUM 
VACUUM 
VACUUM 








illustration g-25 





If a combination of large and small openings 
is used as shown here, the large jarea against 


the sheet will produce a strong pick-up force 
while the small opening back of it will restrict 
the inrush of air between pick-ups. 


CHUCK 





WORK PIECE 


RUBBER 
illustration g-26 


vacuum lift 

The vacuum chuck (or sucker) is another ex- 
ample of the effect of vacuum. If a vacuum is 
applied under the work piece, the pressure of 
the atmosphere will press the piece against the 
chuck with great force. If the area inside the 
rubber ring is 10 square inches and the vacuum 
is 10.2 inches (mercury gauge) there will be a 
force of 5 PSI on each square inch from the 
atmosphere or a total force of 50 PSI. 


SUCKER 
VACUUM 


SHEET BEING 
LIFTED 


illustration g-27 


HOLDING FORCE 
CREATED BY VACUUM ON SUCKERS 


Diameter of Sucker 


Vacuum 
in Inches 
of Mercu 1" 





table g-11 


vacuum tank considerations 

The effect of vacuum on a tank having a flat 
surface is shown in the diagram. The vacuum 
of 10.2" mercury inside the tank is equivalent 
to 9.7 PSI absolute pressure, while the atmos- 
pheric pressure on the outside is 14.7 lbs. per 
sq. inch, absolute. The difference between the 
outside pressure and the inside pressure is 5 
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vacuum continued 


PSI therefore is a pressure of 5 PSI on 
each square inch of surface, tending to push 
in the tank wall. If the tank wall measured 
10" x 10" there would be 100 sq. inches and 
the crushing force would be 500 PSI. 


ATMOSPHERIC PRESSURE 
ETE OF 14.7 LBS. PER SC. 


9.7 LBS. PER SQ. 


INCH ABSOLUTE 


INCH ABSOLUTE 
PRESSURE 





PH CC-Series Directional Valve Usable for Vacuum Service 


illustration g-28 illustration g-29 
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air valve troubleshooting 


AC solenoids fail 


Low Applied Voltage — Not enough magnetic 
force will be developed to allow the armature 
of the solenoid to seat. The unit will continu- 
ously draw high inrush current and burn out. 
Voltage should be checked at the coil with the 
solenoid energized. Possible causes of low vol- 
tage include: High resistance connections, too 
much load on the electrical cirquit, and low 
voltage on the control transformer that powers 
the solenoid. 


Valve Element Stuck — The armature may be 
held unseated because a valve element won't 
shift. The solenoid will draw high inrush cur- 
rent for too long a time and burn put. 


A metal-to-metal spool type valve may be 
varnished in place, or dirt may prevent the 
spool (and hence the solenoid armature) from 
shifting. Clean, lubricate, and reassemble the 
valve. If varnish on the spool was the cause of 
sticking, placing an absorptive type filter in 
the circuit ahead of the valve may help. It will 
neqyesary to periodically replace the filter ele- 
ment. 


A packed spool type valve may not shift be- 
cause swollen seals hold the spool in place, or 
because dirt prevents the spool from complete- 
ly shifting. Clean the valve and repack the seals 
or replace the spool. Where seals are sensitive 
to the type of air line lubricant used, follow 
manufacturers’ recommendations. 


Solenoid Corroded — Use valves with adequate 
protection against moisture, coolants, etc. which 
may come in contact with them. Provide sealed 
electrical connections. Make sure that dirt and 
moisture covers are securely in place. 


Solenoids Energized Simultaneously — On mo- 
mentary, contact, direct-actuated valves, check 
to make sure that both solenoids are never en- 
ergized at the same time. This check is easily 
made by wiring a small indicator lamp tempor- 
arily across the coil of each solenoid. If both 
lamps are lit at the same time, the last solenoid 
to be energized will burn out. Correct the elec- 
trical circuit to prevent this. If the electrical 
circuit cannot be foolproofed, consider the use 
of а pilot operated, solenoid controlled valve 
where the two solenoids do not exert forces 
agaihst each other. 


High Transient Voltages — Solenoid burnout 
тау be caused by high transient voltages that 
break down coil insulation, causing short cir- 
cuits to ground. High transient voltages are 
most common where solenoids are connectied 
to lines operating above 120 volts, which also 


control motors and other inductive load-type 
equipment. Switching of such loads can create 
very high voltage peaks in the circuit. The re- 
medy is to isolate solenoid circuits from main 
power circuits. Follow industry recommenda- 
tions — use 120 volt control circuits and ob- 
serve good grounding practices. Electrical fil- 
ter networks, which prevent high voltage 
peaks from reaching solenoids, may also be 
used. 


Temperature Too High or Too Low — Solenoid 
failures can be expected when a valve is oper- 
ated above its rated temperature. Insulation 
may fail because it is not suitable for high tem- 
perature use. Specify solenoids designed for 
the ambient temperature; place the valve in a 
cooler location; or consider the use of a pilot 
actuated valve at the hot location, controlled 
by a remote pilot valve. 


Solenoids also can fail when valves are oper- 
ated at lower than rated temperatues. Metal 
parts may shrink, and lubricant viscosities may 
increase, to a point where solenoid motion is 
retarded or stopped. This can be avoided by 
moving the valve to a warmer place or by pro- 
vidng a heated enclosure for the valve. If troub- 
le persists with closely fitted valves, change to 
a type that can work at low temperatures. 


dc solenoids fail 


Direct current solenoids should never burn 
out due to low voltage or failure of armatures 
to seat. This is due to the fact no high inrush 
current is experienced with a dc solenoid. Max- 
imum current is the holding current, which is 
the same whether or not the armature is seated. 
Thus, the coil is never subjected to an inrush 
current of three to four times its holding cur- 
rent. 


Valve failures to shift can, of course, occur 
with dc as well as ac solenoids. Corrosion and 
temperature also can effect dc solenoid oper- 
ation. The general guides for ac solenoids can 
be applied in these cases. High transient vol- 
tage problems can be handled in the same man- 
ner as for ac solenoids. 


solenoid valve has loud ac hum 

If the solenoid noise level is very high and 
occurs each time the solenoid is energized, 
check to see that the armature is seating. Most 
direct solenoid actuated valves are provided 
with a manual override. If the solenoid noise 
decreases when the override is operated, in- 
complete solenoid motion is indicated. Check 
to determine if rubbing parts can move proper- 
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air valve troubleshooting continued 


ly and that the correct voltage is available at 
the coil. Extremely loud ac hum can be caused 
by a broken part within the solenoid. Replace 
the solenoid. 


In marginal noise problems, consider mount- 
ing the valve so that the armature works up 
and down rather than horizontally. Maximum 
quieting can be obtained by using dc sole- 
noids. This is practical even on large valves 
of the solenoid controlled, pilot actuated type. 
Direct current can be obtained by rectifying 
alternating current at the valve. 


internally piloted valve 

shifts improperly 

An internally piloted valve may shift partially, 
then stall. Air blows steadily through the ex- 
haust port. This is a sign that the pressure at 
the inlet port of the valve has fallen below the 
valve's minimum operating pressure. Increase 
the supply pressure or provide a local air ac- 
cumulator to maintain pressure at the valve 
during periods of high flow. 


If the valve is provided with an internal pilot 
exhaust, change it to exhaust externally if pos- 
sible. Check for restrictions in the supply line. 
A gage can be used to check the pressure avail- 


cross-sectional areas as large as the inside diam- 
eter of the pipe for which the inlet port is 
tapped). 


On some valve designs, especially momentary 
contact types, full shifting may be obtained by 
restricting the exhaust port to allow the valve 
to maintain a pressure level above the mini- 
mum operating pressure. ш extreme cases, 
provide a local accumulator for the pilot cir- 
cuit or use pilot pressure from a remote source. 


valve spews oily air 
from exhaust port 


This is usually a sign of overlubrication of the 
circuit. Adjust the lubricator oil feed rate to an 
acceptable level. Where quieting of the exhaust 
is desirable, an ordinary oil filter can be used to 
trap most of the exhausting liquids while pro- 
viding a good degree of muffling action. The 
drain of the filter should be left open and con- 
nected to a sump. 


valve occasionally malfunctions- 


circuit reaction slow 
This type of problem can be caused by icing. 





able at the inlet port just before the valve fails Rapidly exhausting air often cools entrained Ф 
to shift. Common causes of restricted supply moisture below its freezing point, causing ice = 
lines (and remedies) are: Clogged filters particles to restrict exhaust flow. Mufflers can Е 
(clean periodically); restrictive lubricators (de- also freeze-\Check the exhaust ports of the Е 


crease restriction ог change to a unit with bet- 
ter flow capabilities); undersized hose or fit- 
tings (use conductors and fittings with internal 
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valve and/or muffler for signs of icing. Dry the 
incoming air or provide means for heating areas 
which tend to freeze. 
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general practices in power unit design 
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general practices continued 


1. Size the reservoir to approximately three 
times the capacity of the pump rating. (in gal- 
lons per minute). Sometimes when using 
large bore, large rod and/or long stroke cyl- 
inders, a larger reservoir than normal will be 
required, this is due to the large volume of oil 
storage required for cylinder extension or re- 
traction. This can also apply if there are a 
large number of medium size cylinders to be 
extended or retracted at the same time. 


2. Mount the pump, electric motor, and valv- 
ing to a sturdy plate. 


When foot mounted pumps and motors are 
used, the mounting plate to both the driver 
and the driven unit should be common and 
should be rigid enough to withstand the tor- 
que loads applied without deflection. The plate 
also must not be subject to distortion caused 
by temperature change; 1.е., do not mount 
pumps on reservoir tops. Use separate mounting 
plate, 3/4" minimum for plate. 


Drives other than direct, a flexible coupling 
can be used only with external bearing support. 


Failure to adhere to the above may result in 
leaking pump shaft seals, short bearing life 
and/or total unit life. 


3. All pumps and motorsusing flexible couplings, 
should be aligned to coupling manufacturers 
specifications: the figures listed may be used as 
guide lines. All Parker Hannifin dual vane pumps 
and motors should be aligned to .003 T.I.R. The 
D.H.&M. series Parker Hannifin gear pumps 
should be aligned to .007 T.I.R. Piston pumps 
should be aligned to .003 T.I.R. The Vardis Pump 
should be aligned to .010 T.I.R. 
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NOTE: A good, flexible coupling should be 
used. Couplings should always be sized to 
handle the total horsepower input . . . not 
to the size of the electric motor. Many ap- 
plications overload the electric motor. 


Fit coupling according to coupling manu- 
facturer's recommendations. 


The above points are critical to avoid end 
thrusts. Pumps and motors cannot stand end 
thrust. 


4. Have a filter breather cap and fill port with 
a strainer. The filter breather allows the oil to 
rise and lower during system operation. 


5. Build baffling into the reservoir. The oil 
will travel a greater distance (from return to 
inlet) which gives the dirt time to settle out 
and allows for greater heat dissipation. 


6. Mount the reservoir on legs for better over- 
all air circulation. 


7. Have extra return and drain line connec- 
tions built into the reservoir. (Return lines be- 
low fluid level and drain lines [except pump 
drain lines] above fluid level.) 


—8. Have an oil level indicator. 


9. Easy access to the reservoir interior for clean- 
ing. 


10. Have taper to the center of the reservoir 
with drain plug for ease in cleaning. 


11. Use a steel material that is capable of 
withstanding the oilweight, components mount- 
ed on the reservoir and shipment or relocation 
of the power unit. 
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estimating heat rise 


When designing a Hydraulic System, a calcu- 
lation must be made of normal heat genera- 
tion. Heat generation across an orifice or re- 
lief valve may be calculated if the pressure 
drop across the device and GPM are known 
or can be measured. The formula is as follows: 


Нр = Psi x брт = 1714 or 
BTU/Hr. = 1-1/2 x Psi x Орт 
Hp = Horsepower 
Psi = The total АР or pressure drop across that orifice 
Gpm = The tota! gallons per minute flowing through 
that orifice 


This heat may be converted into other units 


by means of these conversion factors: 


1 Нр = 2545 BTU/Hr. = 42.2 BTU/Min. 
1 Hp » 746 Watts 
1 BTU/Hr. = .016 BTU/Min. = .00039 Hp. 


Example: 15 GPM flowing through a relief 
valve with АР, 900 Psi, generates approximate- 
ly 7.9 Hp. of heat. АП of this heat, which is 
not dissipated through the hose or tubing is 
carried back to the tank. 


Remember: Heat is generated only when the 
hydraulic energy is not going into mechanical 
energy. 


calculating reservoir heat dissipation 


For average calculations, assume heat dissi- 
pation from the sides, top and bottom of the 
reservoir. The surface area of external plumb- 
ing may also be used or counted as a dissipat- 
ing surface. Do not figure the bottom of the 
reservoir unless it is exposed to free air circu- 
lation. The cooling capacity of the reservoir will 
increase in proportion to the square footage 
dissipating surface, and also in proportion to 
the difference between the oil temperature and 
the ambient air temperature. 


For steel reservoirs, this formula will give ap- 
proximate results as follows: 


Hp = (Heat Dissipation) = 0.001 x TDx A 


A = Square footage of dissipating surface 

TD = Temperature difference between oil and sur- 
rounding air 

Hp = Cooling capacity expressed in horsepower 

There should be a reasonable amount of free 


air circulation around the reservoir. А forced 
blast of air directed on the side of the reser- 
voir is a consideration as it can increase the 
heat dissipating capacity as much as 50%. 


Total Gallon 
Volume 
12 


Sq. Ft. 
Dissipating 
Surface 


Heat Heat 
Dissipation Dissipation 
BTU/hr. HP 


6-1/2 





These figures are approximate because the ac- 
tual shape of the tank will sometimes influ- 
ence the dissipation. These values of dissipa- 
tion are figured very conservatively. These fig- 
ures are based on an ambient temperature of 
100°F. with a maximum oil temperature of 
150°F. Sometimes, a considerable amount of 
heat is dissipated from plumbing, valves, and 
cylinders. Dissipating capacity will increase at 
lower ambients. 
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heat generation and control 


Heat is generated in a hydraulic system when- 
ever oil flows from a higher to a lawer pressure, 
without doing mechanical work, This means, 
that if a relief valve is allowing the oil to flow 
back to the tank, and the system pressure is 
being maintained, the difference in pressure 
or loss is the difference between the system 
pressure and the tank line pressure. Pressure 
losses can occur from flowing through inade- 
quately sized valving or piping, and kinked or 
sharp bends in hose or tubing. The sun can 
cause excessive heat. А reservoir should be 
sized large enough to dissipate| normal heat 
generated in a system. Normal practice is 3 
times the pump capacity (rated in GPM). This 
should allow the oil to maintain an operating 
temperature of approximately 110°F.-135°F.The 


reservoir temperature should not be allowed to 
reach much above 145?F. If a highertemperature is 
allowed to be reached, the oil can break down and 
give off an oxidation called varnish. This varnish 
can clog orifices, produce an acid which |can 
corrode metal parts, produce sludge, and cause 
melal parts to wear very rapidly. The power unit 
reservoir temperature should be checked| on 
occasion to make sure the system is operating 


properly. 


High oil temperature can also be caused from 

metal parts being worn, or from the seals being 
| ; | 

worn allowing the oil to bypass and cause heat. 

By checking the reservoir temperature, some- 

times a system problem can be corrected be- 

fore serious damage can be done. 


Heat Generating Component 

In most systems, the main heat generating 
component is the relief valve. Generally, the re- 
lief; valve is used only in a short| period of the 
cycle. It is, therefore, necessary to find the 
maximum rate of heat generation by using 
the Hp. formula, then calculate an average 
for an entire hour. 


Example: In a system, the oil is flowing over a 
relief valve and generating heat at the rate of 
8 Hp. during a portion of the cycle. The oil is 
flowing over the relief approximately 1/4 the 
time. This is an average of idle time between 
cycles, plus operating time and this is over a 
one, hour period. In this example, the average 
rate of heat generation is 2 Hp. 


Pressure Reducing valves and Pressure Com- 
pensated Flow Controls are another source of 


heat generation. Some Pressure Reducing 
valves should be checked for heat generation 
if they are passing high flows or reducing the 
pressure from an extremely high pressure. 


Pressure Compensated Flow Controls, when 
used to reduce the flow to or from a cylinder 
or to or from a fluid motor when using a fixed 
delivery pump, will cause the excess oil not 
used to move the actuator to flow over the re- 
lief valve. Sometimes it is best to use a pres- 
sure compensated pump in a system like this 
or use what is called a bleed off circuit. The 
bleed off circuit allows the excess oil to flow 
back to the tank unrestricted. This type of 
circuit will help reduce heat generation. 


Sometimes it is helpful to figure 1596-2096 of 
the electric motor horsepower will go into 
heat. This will help calculate this hard-to- 
figure point ina system, such as: miscellaneous 
valves, fluid friction in pipes, tubing or hose, 
mechanical friction and slippage of pumps, 
fluid motor and cylinders. In cases of marginal 
to high heat generation, it is a good practice 
to install heat exchanger connections in the 
main oil return line and relief valve return 
line. This will allow a heat exchanger to be 
added at any time. 
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suggestions for heat reduction 

1. Where heat generation may be a problem 
in some systems, use a generous size reser- 
voir. 


2. Unload the pump when system pressure is not 
required. An unloading valve or a solenoid 
controlled pilot operated relief may be used to 
accomplish this. 


3. Set the main relief valve for the amount of 
pressure that is required to do the work. An 
additional 150 psi should be added to this set point 
to keep' the relief from cracking (opening). 


4. If possible, when using pressure compensated 
flow controls with fixed delivery pumps, con- 
nect them in a bleed off arrangement. 


5. Reservoirs should be located in the open 
to insure good air circulation. Reservoirs lo- 
cated outside should be shaded from the rays 
of the sun. 


6. Accumulators may sometimes be used in 
holding or clamping circuits where high static 
pressures are needed. 
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7. On some systems, compressed air to oil 
intensifiers may be used to maintain system 
pressure with minimum amount of heat gener- 
ation. 





PH Solenoid Operated Relief Valves 
illustration ћ-9 
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power unit start-up considerations 


initial start-up 

Some units can be immediately damaged un- 
less the following initial starting precautions 
are taken: 


Fluid 

Clean petroleum oil meeting or exceeding lu- 
brichting qualities of SAE 10% гун API 
service classification MS is recommended. 
Viscosity range 150-250 SSU at 100°F. 


Consult Factory for system requiring other 
fluids. | 


Case Drain (Variable Volume & Fixed Piston 
Pump) 

Тһе case drain line must not exceed 10 PSI back 
pressure. The drain line should be at least 3/8 
diameter thin wall and piped directly Баск to 
reservoir with minimum number of elbows. 
Sugi ested maximum line length is 10 feet. This 
drain line must be extended below fluid level as far 
from the intake line as possible. 

Inlet 

Pump vacuum at inlet must not exceed 7 inches 
HG with petroleum base fluids and 3 inches 
HG with fire resistant fluids. Air leak in suction 
line will cause damage and noise in pump. 


Port Connections 

"SAE" or "AN" straight thread fittings should 
be used on all pump ports. Tapered pipe thread 
fittings will distort and damage the pump if 
tightened too tight. 


Fluid Temperature 

Inlet or reservoir fluid temperatüre must not 
exceed 145?F or drop below 40°F. If other 
than noted, consult the power unit manufac- 
turer. 
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noise 


sources of noise 

In order to study noise and the power unit, 
let us first examine the basic components 
which make up the system. They are as fol- 
lows: Directional Control Valves, Flow Con- 
trol Valves, Pressure Control Valves, Relief 
Valves, Electric Motors, Drive Couplings, 
Pump, Filters, and the Hydraulic Reservoir. 


There are, of course, many combinations of 
component types and quantities available on a 
power unit. This simple system will be used for 
discussion. 


Now that we have defined the basic compon- 
ents, we will look at the three sources of noise. 


PVV 23 & PVV 33 Pressure 
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Filtration 
Suction filtration should be 810 of at least 5. 


Shaft Rotation & Line Up 

Check for proper direction of rotation of both 
motor and pump. Pump and motor shaft alignment 
must be within specs given on page h-3. Please 
follow coupling manufacturer's recommended 
installation instructions to prevent end thrust on 
pump shaft. Turn pump by hand to assure freedom 
of rotation. Pump and motor MUST be on a rigid 
base. 


If possible, initial start-up should be with an 
"open" hydraulic circuit. Pressure should be 
reduced to below 100 PSI, and air bled from 
the pump outlet line to permit priming. Bleed 
by loosening an outlet connection until solid 
stream of fluid appears. Operate pump at re- 
duced pressure level for 2 minutes before in- 
creasing pressure adjustment to desired level. 


Jog Start 
Jog start, on & off, to check circuit connec- 
tions. 


Boost Pump 
Where "closed" or boosted circuits are used 
make sure the boost pump is started first. 


control 


They are: 


e Noise is generated 
• Noise is transmitted 
e Noise is amplified 


Noise generation basically arises from the vi- 
brations of surfaces in contact with air. Such 
examples are: fans, bearings, gear teeth, etc. 


Noise transmission exists when noise waves 
generated from one object set up vibrations 
in other objects. This can be achieved by solid 
to solid, liquid to liquid and liquid to solid 
contact. 


Noise amplification (magnification) occurs when 


noise control continued 


sound waves are increased due to the surface or 
material it comes in contact with. For example, 
an alarm clock hanging from a string is much 
quieter than when placed on a table. 


The effect of these noise sources vary through 
a hydraulic system. 


The area of greatest potential generation ex- 
ists at the rotating members of the system, 
while noise transmission and amplification 
is most noticed in the hydraulic reservoir. 
Also, the rotating members, depending on the 
type of mounting, can be a prime source of 
noise transmission. 


Now that the major sources of noise are de- 
fined, let us look at the three ways of reducing 
noise in a hydraulic power unit. They are: 


e Lower generation 
e Isolate 
e Dampen 


To lower generation we should: 


1. Convince component manufacturers to design 
for "quiet" and select components. In other 
words, select components which in themselves 
do not generate excessive noise. 


2. Use open-dripproof-motors wherever possi- 
ble to eliminate fan noise encountered in TEFC 
(Totally Enclosed, Fan Cooled) motors. Some 
steps have been taken in this area by motor 
manufacturers. (Eg: plastic fans, oil cooled 
motors.) 


3. Keep motor-pump speed as low as possible, 
preferably 1200 rpm. 


4. Size of hydraulic lines so oil velocity is ap- 
proximately 15 fps (feet per second) on pres- 
sure lines, 8 fps on return lines and 4 fps on 
suction lines. Avoid sharp bends in piping. 


5. Size components properly to avoid high oil 
velocities (if 5 gpm is required, do not use a 8 
gpm pump and dump 3 gpm over the relief valve 
back to the tank). 


6. Use stable control valves to eliminate hunt- 
ing or chattering. For example: A pilot oper- 
ated relief versus a direct action relief. 


7. Always use a good grade of hydraulic oil 
with antifoaming additives to prevent air from 
entering the system. 


8. Maintain oil temperature between 100°F 
and 120°F. This will maintain oil viscosity at a 
level which has better noise dampening char- 
acteristics. 


9. Select the proper coupling and maintain 
pump-motor alignment. Never exceed .003 T.I.R. 
(Total Indicator Reading). 
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10. Avoid needle valves or low cracking check 
valves. 


11. Remove all entrapped air prior to starting 
the system. Be especially careful on the pump 
suction line. 


12. Select a proper reservoir which by size and 
design will allow air in the oil to escape. Lo- 
cate suction lines as far from the return lines 
as possible with adequate baffling. 


13. Supercharge pump, if possible, and in no 
case exceed 7 inches of mercury inlet vacuum. 





PH Hvdraulic “С” Frame Press 
illustration h-11 


isolating noise 

Once the noise generation in a power unit is 
reduced to a minimum and further noise re- 
duction is desired, attempts to isolate the re- 
maining noise generated must be taken. The 
following are some of the most common meth- 
ods of accomplishing this. 


1. Select a coupling which willisolate the pump 
and motor sounds. 


2. Install pump-motor mounting plate on iso- 
lation mounts. 


3. Use flexible hose on pump suction to iso- 
late the pump-motor assembly and prevent 
noise transmission to the reservoir. 


4. Also, for the same reason as listing "3." use 
a hose assembly on the pump outlet connec- 
tion. 


5. Again, use a flexible hose on the case drain 
(where applicable). Make sure this drain line 
terminates below the oil level to prevent si- 
phoning of the pump case. 


ower units 
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6. Minimize tubing lengths, use manifolds 
where possible. 


7. When tubing is used, properly secure it, use 
isolation type mounts, prevent metal to metal 
contacts. 


8. Always use a reservoir which is rigid enough 
to carry the weight of the components mounted 
on it. 


9. Use acoustic baffling or absorptive mater- 
1415 to reduce noise levels where practical. 
This will lower noise transmissian and reduce 
the |possibility of noise amplification. Illustra- 
tion h-12 shows the reduction in amplification 
which can be achieved by the proper selection 
of materials. 


AMPLIFICATION OF VIBRATION 
IN VARIOUS MATERIALS 


Amplification Ratio 


1000X 
500X 
100X 
Steel Alum. Rein- Con- Cast Treated 
forced crete tron Sound- 
Plastic proof 
illustration h-12 Steel 


The bar chart shows that the amplification ra- 
tio can be reduced from 1000X for steel and 
aluminum to 50X with cast iron and 10X with 
treated soundproof steel. 
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troubleshooting areas 


dirty oil 
1. Components not properly cleaned after 
servicing. 


2. Inadequate screening in fill pipe. 


3. Air breather left off. (No air breather pro- 
vided . . . inadequate unit provided .. . insuffi- 
cient protection of air breather.) 


4. Tank not properly gasketed. 


5. Pipe lines not properly covered while ser- 
vicing machine. 


6. Improper tank baffles not providing settling 
basin for heavy materials. 


7. Filters elements not replaced at proper inter- 
vals, or when indicated. 


fire resistant fluids 
1. Incorrect seals cause excessive friction which 
binds spool. 


2. Paint, varnish and enamel in contact with 
fluids can cause sludge deposits on filters and 
around seal areas. 


3. Electrolytic action is possible with some 
metals. Usually zinke or cadmium. 


4. Improper mixtures can cause heavy sludge 
formations. 


5. High temperatures adversely affect some of 
the fluids, particularly the aqueous base fluids. 


6. Adequate identification of tanks contain- 
ing these fluids should be provided so that they 
will be refilled with the proper media. 


7. As with mineral base oils, nuisance leaks 
should be remedied at once. 


8. Make certain replacement parts are compat- 
ible with fluid media. 


foaming oil 

1. Return of tank line not below fluid level. 
Broken pipe, line left out between a bulkhead 
coupling and the bottom of the tank after clean- 
ing tank. 


2. Inadequate baffles in reservoir. 


3. Fluid contaminated with incompatible for- 
eign matter. 


4. Suction leak to pump aeriating oil. 


5. Lack of anti-foaming additives. 


moisture in oils 
1. Cooling coils not below fluid level. 


2. Cold water lines fastened directly against 
hot tank causing condensate within tank. 


3. Soluble oil solution splashing into poorly 
gasketed tanks or fill pipes left open. 


4. Moisture in cans used to replace fluid in 
tanks. 


5. Extreme temperature differential in certain 
geographical locations. 


6. Drain not provided in lowest point in tank 
to remove water collected over possibly long 
operating periods. 


overheating of system 
1. Water shut off or heat exchanger clogged. 


2. Continuous operation at relief setting. 
a. Stalling under load, etc. 
b. Fluid viscosity too high. 

3. Excessive slippage or internal leakage. 


a. Check stall leakage past pump, motors 
and cylinders. 


b. Fluid viscosity too low. 
4. Reservoir sized too small. 


5. Reservoir assembled without baffling or suf- 
ficient baffling. 


6. Case drain line from pressure compensated 
pump returning oil too close to suction line. 


a. Repipe case drain line to opposite side of 
reservoir baffling. 


7. Pipe, tube or hose I.D. to small causing high 
velocity. 


8. Valving too small, causing high velocity. 
9. Improper air circulation around reservoir. 
10. System relief valve set too high. 


11. Power unit operating in direct sun light or 
ambient temperature is too high. 


power units 
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troubleshooting areas continued 


h-14 


foreign matter sources in the circuit 
1. Pipe scale not properly removed. 


2. Sealing compound (pipe dope teflon tape) 
allowed to get inside fittings. 


3. Г properly screened fill pipes and air 
breathers. 


4. Burrs inside piping components. 
5. Tag ends of packing coming loose. 


6. Seal extrusions from pressure higher than 


compatible with the seal or gasket. 


7. Human element . . . not protecting com- 
ponents while being repaired and open lines 
left unprotected. 


8. Wipers or boots not provided on cylinders 
or rams where necessary. 


9. Repair parts and replacement components 
not properly protected while stored in repair 
depot. (Rust and other contaminants.) 
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mounting flanges for pumps and motors 
STANDARD KEYWAYS AND SETSCREWS 


| Diameter of | Keyway | Diameter bf | Diameter of Keyway | Diameter of | 
| Shaft Width x Depth Setscrew | Shaft Width x Depth Setscrew | 









5/16" — 7/16" | — 3/32" x 3/64" 3/16" | 2-5/16"- 2-3/4" 5/8" x 5/16" 5/8” 
1/2” — 9/16" | — 1/8" х 1/16” 3/16" | 213/16" — 3-1/4" 3/4" х 3/8" 3/4" 
5/8"— 7/8" | 3/16" х 3/32" 1/4" | 3-6/16"— 3-3/4" 7/8" x 7/16" 3/4" 
15/16" — 1-1/4" 1/A"x 1/8" 1/4" 3-13/16" —  4-1/2" Wx 12" 3/4" 
1-5/16" — 1-3/8" 5/16" x 5/32" 5/16" | 49/16"— 51/2"|  11/"x 7/16" 3/4" 
17/16" — 1-3/4" 3/8" x 3/16" 3/8" 59/16"— 61/27| 14/2"х 1/2" i^ 
1-13/16" — 2-1/4" 1/2" х 1/4" 1/2" 69/16"— 7-1/2"|  13/A"x 5/8" 1" 
| | 79/16" — 8-15/16" 2"x 3/4" 1" 
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CU. IN./ REVOLUTION 
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mounting flanges continued 


ADAPTER MODEL SELECTION CHART 


pump mounting bracket 
adapts following Parker Pumps — 


To 1/4 HP thru 20 HP Motors 


D, H & M Series Gear Pumps 

PVV 23/33 Variable Volume, Pressure 
Compensated, Vane Pumps 

(and other pumps with similar 
mounting flanges) 


Coupling Installation — The Parker totally 
enclosed pump mounting bracket offers excellent 
noise absorbtion and safety from the rotating 













REC 
M 
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LOVEJOY 
L-095 
| LOVEJOY 
182TC AL-100 
LOVEJOY 
1ватс | 1-1/8 





300 
MAGNALOv| НМ 


1 
table 1-5 
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ELECTRIC SAE AA MTG | STD SHAFT SAE AMTG LONG SHAFT SAE B МТС SAE C MTG 
——— | | MORAN ав VAR PISTON 
PAF 32/40/50 PISTON 


ADAPTER PW23/33 VAR VANE 
MODEL | CPLG | VPO33 VAR PISTON 


shafts and coupling. The bracket is designed to 
mount on the motor face with the motor coupling 
half secure to the shaft. Then the pump, with its 
coupling half secure on the pump shaft, is mounted 
and the coupling halves are engaged. This will 
require proper spacing of the coupling prior to 
installation and a coupling with an outside 
diameter less than “P” dimension. If the coupling 
selected cannot be assembled this way, both 
coupling halves must be installed on the motor 
shaft. Next, mount the adapter on the motor. Then 
the pump can be mounted and the coupling secured 
to the pump by using the access slot to tighten the 
pump shaft coupling set screw. 
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pump selection factors 


Pressure Capability — One of the most critical 
factors affecting selection of a pump is its 
pressure rating. Where there is any doubt 
concerning the peak pressure to which a pump 
will be exposed, the pump should be slightly 
overspecified. 


Some personnel often have no idea at what 
pressure a pump is operating because of the 
absence of pressure indicators. As a result, 
pumps often operate at excessive pressure 
levels. Over-pressure operation results in ac- 
celerated wear and ultimate early failure. This 
problem is common in the industry. To avoid 
it, systems should be equipped with a remote 
gage or with a simple means for inserting a 
gage to perform maintenance checks. 


Relief valves are used with fixed-displacement 
pumps to maintain a fixed pressure setting 
when the system flow requirement is below 
the pump output. Plant personnel frequently 
will adjust this valve to speed up cycle time or 
to lift a heavier load. This action can result 
in the pump's rated pressure being exceeded. 
One solution is to insert "once-adjusted" or 
sealed relief valves. 


Pump Selection — Selection of a pump starts 
with the selection of a working pressure for the 
system. Working pressure reflects system cost. 
A 500-p.s.i. system requires a larger line, larger 
components, and a larger pump to perform a 
job than does a 2,000-p.s.i. system. The 2,000- 
p.s.i. system may have lower initial cost, but if 
it is not properly engineered, it may require 
more maintenance. The tendency today, with 
better maintenance and better components 
available, is for designers to specify systems 
with higher pressures to achieve more work at 
a lower cost. 


Once the system pressure has been establish- 
ed, the pump selection can be made. The de- 
signer should consider the function (variable 
or fixed), maximum pressure recommended 
by the manufacturer, volume, cost, noise, and 
reliability. 


Drive Speed — Excessive operating speeds 
often result in pump cavitation, which occurs 
when the suction exceeds a limit the fluid 
cannot tolerate. Under these conditions bub- 
bles form in the fluid. When these bubbles are 
exposed to the pressure cavity, they collapse 
rapidly. This action is called cavitation. It re- 
sults in noise, erosion, and eventual destruc- 
tion of the pump. 


Essentially, two drive speeds are utilized in 
industrial pump applications—1,800 and 1,200 
rpm. It is recommended that the higher speed 


be utilized where possible since a greater 
horsepower-per-dollar value can be achieved 
at the higher speeds in systems with shaft 
inputs up to 100 hp. Some pumps are capable 
of speeds up to 3,600 rpm, but at this speed a 
noise problem may be encountered, and the 
danger of cavitation is increased. 


To avoid cavitation the pump suction line 
should (1) be as short as possible, (2) have as 
large a diameter as practicable, and (3) have 
a minimum number of elbows. 


Environment — The pump is the most critical 
element in a hydraulic circuit relative to en- 
vironment. In metal casting applications, for 
example, the pump will be the first to wear 
out due to contamination. In general, a system 
that will provide sufficient protection for the 
pump also will provide more than adequate 
protection for all of the other elements. 


Filters must be selected carefully to keep con- 
taminants out of the system. A system with- 
out a filter is asking for trouble. Therefore a 
designer should be generous in selecting a 
filter. However, no matter how good the filter, 
some foreign materials will find their way into 
the system. The best that can be achieved is to 
minimize contaminants. 


Reservoir design also is an important factor in 
cutting down on system contamination. The 
designer should arrange the breather and fill 
locations so that they do not collect dirt 
particles. 


Environmental temperatures also affect opera- 
tion. Some foundries experience extremes in 
temperature in the molding area. The tempera- 
ture can go down to 35°F in the winter and up 
to 110°F in the summer. These variations 
cause the fluid to undergo viscosity changes 
that may result in (1) pump cavitation due to 
high viscosity at low temperatures or (2) ex- 
cessive internal slippage due to low viscosity 
at high temperatures. Fluid selection in such 





PH Pressure Compensated Pump 
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pump selection factors continued 


situations is critical and may require differ- 
ent types during different seasons. 


System Fluids — Although hydraulic fluids do 
not readily wear out or break down, they 
should be changed periodically to assure that 
clean fluid is in the system at all times. Addi- 
tives in the fluid do break down, and even may 


design engineers handbook 


be filtered out by a good filtering system. 
Fluids with anti-wear additives and foam de- 
pressants now are common, and they should 
be specified. Fire resistance of fluids is 
another consideration. Recommendations of 
both pump manufacturers and fluid suppliers 
should be studied carefully before a system is 
put into operation. 


notes 


pumps 





hydraulic pump calculation formula 


Hp — Horsepower 

RPM = Revolutions per minute 

уу = Work 

d = Displacement — cubic inches 
Q - Flow rate — gpm 

G.P.M. = Gallons per minute (U.S.) 

T = Torque 

Sp.Gr. = Specific gravity 

F = Force (pounds) 


PUMP OUTPUT FLOW 


sd 
1 GAL. = 231 


Displacement (cu. in.)/rev. x rpm 


Theoretica! output (gpm) = 231 cd. in 
. in. 


VOLUMETRIC EFFICIENCY PERCENT 


volumetric actual displacement (G.P.M.) 
efficiency —— Хх 100 
(Dump) theoretical displacement (G.P.M.) 


MECHANICAL EFFICIENCY PERCENT 


Theoretical torque required to drive the pump (Ib. іп.) х 1 


% Mech. eff. = Actual torque supplied to pump (Ib. іп.) 


OVERALL EFFICIENCY PERCENT 


Output hyd. Hp 


Pump over-all eff. % = : 
Input Hp 10 ритр 


x 100 


PUMP OUTPUT HORSEPOWER 


_ Fxv 
396000 





Hp 


00 


V = Speed (in/min) 
T = 3.14 
r = Radius 
psi. = Pounds per square inch 
PSIA = Pounds per square inch-absolute 
PSIG = Pounds per square inch-gauge 
AP = Pressure drop — p.s.i. 
231іп2= 1 U.S. Gallon 
PUMP 
Hp = G.P.M. x PSI 
P 1714 x eff. (ритр) 
ог Нр = 000583 x G.P.M. x p.s.i. 
eff. (pump) 
_ Tx RPM 
Нр = 5252 Torque in Ib. ft. 
_ T x RPM я | 
Нр — 63025 _ Torque т Ib. in. 
ae RPM A Ра (т? / rev) 
P 63025 2r " 
_ Tx RPM x2m 
Нр = 33,000 x 12 Torque in Ib.-in. 
_ volts x amperes 
Нр 745.7 
POWER 
work force x distance 
power = ———— = —————————— 
time time 
power _ 231 ХО x p.s.i. ft. - Ib. 
12 min. 
_ power 
ЩЕ 33,000 ft. - Ibs. 
min. 
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hydraulic pump calculation 


hydraulic pump calculation 

Pump Pressure Ratings — А 2000 p.s.i. pres- 
sure rating does not mean the pump will just 
develop 2000 p.s.i. in your system. This refers 
to the maximum pressure which should be 
developed by the pump allowing a safety fac- 
tor, without danger of damage to the pumping 
element over an extended period of time. 


By properly setting the system relief valve, 
you may limit maximum system pressure to 
any safe value less than the maximum pump 
rating. 


Caution: A relief valve built into the pump 
casing should not be used for the main cir- 
cuit relief valve (other than hand pumps) 
unless it relieves back into the inlet of the 
pump, severe local over-heating of the oil can 
occur in less than one minute. These built-in 
relief valves are intended only for emergency 
protection, and should be set higher than the 
main relief valve setting. 





PH 4 Bolt Flange Gear Pump with Built-in Relief Valve 
illustration i-2 


Select a pump and drive motor to create about 
10 to 25 % greater system pressure than needed 
at the actuator. This is required to take care of 
pressure losses in valves, piping and friction 
of the cylinder rod and piston. 


sizing pumps 
Example of the pumps displacement vs cyl- 
inder travel relationship is: 


Example: A cylinder having a 3-1/4" diameter 
piston is required to stroke 6 inches. By using 
a hand pump with a displacement of 1.75 
cubic inches per pump stroke (pumping oil 
during the forward pump stroke only, the re- 
turn stroke in this case is used to refill the 
pumping chamber] how many pumping 
strokes are required to move the cylinder 
piston 6 inches. 


The area of a 3-1/4" diameter piston is 8.29 
square inches. The amount of oil required to 
move the piston 6 inches is 8.29 inches? x 6 
inches = 49.6 inches?. The handpump, having a 


displacement of 1.75 inches? during our pump- 
ing stroke and calculating the number of 
pumping strokes required is 49.6 inches? 
divided by 1.75 inches? - 28.4 pumping strokes. 


Example: How many GPM is required to move 
a 5 inch diameter cylinder piston at the rate of 
2 inches per second. 


To calculate how much oil (in gallons per min- 
ute) is required to move the piston 2 inches 
every second 


Use the formula: 


Е Ах | х 60 
ОВИ 231 x time in sec. 
Where: 
A = 5 inch dia. piston = 19.6 in? 
L = Length = 2 inches 
231 - number of cubic inches/gallon 
time т sec. = 1 
60 = 60 sec./min. 


The formula is now: 


19.6 x 2 x 60 


VOL (G.P.M.) = 231 x 1 


19.6 x 2 x 60 2345 
231x1 231 


2345 + 231 = 10.1 G.P.M. 


Example: What size pump, rated in GPM, is 
needed to extend and retract a 5 inch bore,18 
inch stroke cylinder. This cylinder has a 2 inch 
diameter piston rod and the total cycle time 
(out and back] is 12 seconds. 


Solution: 
Using the formula: 


А хіх 60 


ОБРИ 231 x time in sec. 


Find the area of a 5 inch Bore cylinder, the 
Bore = 19.6 inches?. Find the effective area on 
the return stroke (this is the piston area less 
the rod area for the return stroke). This is 19.6 
inches? - 3.1 inches? - the piston rod area 16.5 
inches? which is the effective working area on 
the return stroke. We are looking for total 
cycle time extending and retracting add 19.6 
inches? * 16.5 inches? - 36.1 inches? total area. 
Total motion of the cylinder is 18 inches. 


pumps 
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hydraulic pump calculation continued 


stroke 18 inches extending + 18 inches retract- 
ing equals 36 inches (total travel). 


36.1 inches? x 18 inches x 60 
| F., . P ana c + уч мо | 

VOL РМ г 231 inches? x 12 seconds 

36.1 x 18x 60 _ 38988 

231x12 2773 





38988 = 2773 = 14. G.P.M 


When a pump is operating in а system, this 
pump will develop only the ampunt of pres- 
sure required to do the work. For example: 
when a cylinder is extending and moving a 
load. the only pressure developed by the pump 





and noted on the pressure gauge is what is re- 
quired to overcome the load and friction. Now 
when the cylinder piston reaches the opposite 
end of the cylinder and stalls, the pressure in 
the system can reach an infinite value. When 
this happens, and if the system relief valve is 
left out or failed to function properly, the drive 
motor will stall, a hose, pipe or tube would 
burst, or possibly the pump or valve casting 
would burst. For this reason a system relief 
valve is required in a system, and set at a pres- 
sure setting which is equal to or below the low- 
est pressure rated cumponent in the system. 
The system relief should be plumbed as close 
to the pump as possible. A relief or pressure 
reducing valve can be used in other parts of 
the system to limit these componenents to 
a lower pressure. 


notes 
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parker double gear pump 


illustration 1-3 


Some systems require a cylinder to extend at 
a high rate and then slow down and do their 
work in the last few inches or less of stroke. 
These systems generally require a high vol- 
ume of oil and low pressure to extend the cyl- 
inder rapidly. When reaching the last few 
inches of stroke a low volume of oil and a high- 
er pressure to do the work. (Work such as 
clamping, pressing, forming, etc.) This can be 
accomplished by using two single pumps or 
double pump. When the cylinder is extending, 
oil is supplied by both pumps at a low pressure. 





LARGE VOLUME 
LOW PRESSURE 


LOW VOLUME 
HIGH PRESSURE 


СІГСІНІ 1-1 
When the cylinder meets the work resistance 
the large volume pump is automatically dump- 
ed by an unloading valve back to the reser- 
voir, and the work is accomplished with the 
low volume pump at a higher pressure. The 
circuit i-1 shows a typical double pump unload- 
ing circuit. Valve (1) is an unloading valve, 
spool type, with external pilot and internal 
drain. Valve (2) is a pilot operated relief valve, 
spool type, capable of handling the combined 
volume of both pumps. The unloading pres- 
sure is usually set where the driving motor has 
reached its full HP rating, driving both pumps. 
Then when the high volume pump is unloaded, 
the driving motor is able to use all its horse- 
power to drive the small pump to a higher 
working pressure. 


Note: The driving motor must have enough 
horsepower to drive both pumps to the un- 
loading pressure or both pumps on the reverse 
stroke, whichever is the greatest. The motor 
must also have enough horsepower to drive 
the low volume, high pressure pump to its re- 
quired working pressure, while the high 
volume low pressure pump is being unloaded. 


double pumps 
VS. EN 
single pumps 
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parker single gear pump 
illustration 1-За 


A hi-lo system cannot be used where high pres- 
sure is required during the full working cycle. 
(Both extending and retracting.) 


double pump vs. 


single pump calculation 

Single Pump 

Problem — A sheet metal forming machine 
has a forming cylinder that has a 5 inch 
bore and a 15 inch stroke. The forming cyl- 
inder must extend the full 15 inches in 5 sec- 
onds and in the last 1/2 inch of stroke develop 
1500 p.s.i. 


Problem Solution 
What size pump (СРМ) and how much НР is 
required to do this work. 


5 inch bore = 19.6 inches? 
Stroke = 15 inches 
Time = 5 seconds 
Max. Pressure = 1500 p.s.i. 
Using formula 
AxLx60 
VOL (G.P.M.) = 531 X time in sec. 
_ 19.6 x 15 x 60 | 
VOL ^7 Mx5 о x5 15.3 G.P.M. 
Now using formula 
_ G.P.M.xp.si. _,, _ 15.3x 1500 _ 
КР o AxPumpett P 1714х85% Р 


Or using the "Electric Motor Horsepower" 
table in this book page c-2 the horsepower 
requirement is 15.7 Hp. 


Double Pump Problem & Solution 

Using the same requirements as indicated in 
the single pump system calculation, and mak- 
ing an assumption that 400 p.s.i. is required 
to extend the forming cylinder 14-1/2", and 
also return the forming cylinder 15 inches. 
Lets use the Horsepower table, page c-2 in 
this hand book. It takes 4.2 horsepower to 
pump 15 GPM at 400 р.з.1. 


pumps 
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double pump vs. single pump continued 


It also takes 4.2 horsepower to pump 4 GPM 
at 1500 p.s.i. Using a 11 GPM pump and a 4 
СРМ pump, pumping a total of 15 GPM at 400 
p.s.i. - 14-1/2" unloading the 11 GPM pump 
automatically through the unloading valve 
when the pressure starts to rise over 400 p.s.i. 
This allows the full horsepower to be used to 


de 


elop the 1500 p.s.i. with the 4 GPM pump. 





PH Gear Pump, 


че 1-4 


Сеаг Ритр Application — Gear pumps may be 
used singly in constant- volume hydraulic 
systems, or they may be used in combination 
with other pumps to satisfy the needs of mul- 
tiple-function systems. For example, a gear 
pump may be used as the low-pressure, large- 
volume pump in a two-pump system. Gear 
pumps can be used also for auxiliary purposes 
to supply pressure for control circuits or to 
supercharge piston pumps. 


Combination gear pumps also are available. 
These include the dual or tandem pump, the 
piggyback pump, and the flow-divider pump. 


The tandem pump contains two pairs of gears 
with the same pitch diameter, but with differ- 
ent delivery rate. There is a common inlet port, 
but two separate discharge ports, each tied 
into a different system. The two deliveries can 
be Нед together to feed а third system with а 
delivery equal to the sum of the two. Dual 
pumps often have as many as four pairs of 
gears, permitting a wide variety of combi- 
nd ім 


Thé piggyback pump actually is two separate 
pumps on a common shaft. A smaller pump is 
mounted onto a larger pump, and their shafts 
are coupled. The pitch diameters are dis- 
similar, and there are separate inlet ports. 
The delivery rates also vary. 


pump application 


Since it takes 4.2 horsepower it is suggested if 
this is a continuous operation a 5 HP motor be 
used. This will allow a longer motor life and a 
practical safety factor. Now looking back at 
the single pump calculation, it takes a 15.7 HP 
electric motor to do the same job that a 5 HP 
electric motor can accomplish with a double 
pump system. 





PH Pressure Compensated, Variable Volume, Vane Pump 
illustration i-5 


Flow-divider pumps have a single inlet, one 

| | 
pair of gears, and two outlet ports. Delivery 
is controlled by a flow-sensitive valve. The 
valve modulates, directing the delivery to both 
outlet ports. The result is that the delivery of 
the first port does not exceed a desired value, 
and the second port handles the excess. This 
type of pump is common in power steering 
systems. 


Advantages — Some 
pumps are as follow: 


advantages of gear 


1. Low cost relative to power output. 

2. Ability to handle foreign matter. 

3. High operating speed. 

4. Simplicity of design. 

Vane Pump Application — Vane pumps generally 
are used to deliver fluid against system pressures 
up to 2,500 p.s.i. Variable delivery and fixed 
delivery vane pumps are being used up to 2,500 
p.s.i. Double pumps, which develop two output 
volumes from a single shaft, can be applied 
independently to separate systems or combined 
for high-volume, low-pressure and low-volume, 
high-pressure applications. The two output car- 
tridges are not usually of the samerating. Another 
use for double pumps is to fulfill a high-volume 


requirement. These double pumps go as high as 
130 GPM. 








pump application continued 

Advantages — In general, vane pumps offer these 
advantages: 

1. Low cost relative to power output. 

2. Low noise level. 

3. Long service life. 

4. Ability to handle foreign matter. 

5. Can be made with variable displacement. 
Piston Pump Application — Piston-type pumps 


commonly are applied where higher pressures, 
high volumetric efficiencies, variable displace- 
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ment, or any combination of these factors is 
required. Piston-type pumps available are capable 
of generating pressures as high as 10,000 p.s.i. but 
the output of most is limited to a maximum of 4,500 


р.5.1. 


Advantages — In general, piston pumps provide 
these advantages: 


1. Higher working pressures 
2. High volumetric efficiency. 


3. Can be made to have variable displacement. 





illustration i-6 


PH Pressure Compensated, Variable Volume, Piston Pump 
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pump circuit 





Double Gear Pump 


illustration i-7 


When Hydraulic Pumps are not needed to 
develop pressure, such as idle time when plac- 
ing or removing parts from the machine, the 
oil should be allowed to flow freely, unre- 
stricted, with little or no back pressure, back 
to the reservoir. 


The| pump, when spilling fluid across the relief 
valve, is consuming high horsepower, creating 
unnecessary heat, and is accelerating the 
pump wear. The following unloading circuits 
may be modified in many ways to exactly suit 
a particular application. 


Unloading the Pump 
With a Two Way Valve 





Рени 1-2 


The easiest way to unload a pump, shown in 
above circuit, is to unload the oil directly 
to tank with a manually operated 2-way valve 
(V-1). A better way is to use a solenoid valve 
energized automatically by a limit switch. The 
switch is actuated by the machine at the end 
of the cycle, and de-energizes the solenoid 
valve. 


Low Pressure Unloading 





This circuit (i-3) can be used lor counter- 
balancing a cylinder against downward drift 
due to gravity. The system relief (R-1) is set 
for the systems working pressure| The remote 
relief (R-2) (direct operated) venis (R-1) ta a 
lower pressure when valve (V-3) is in a de- 





cireuit 1-3 


energized position. When (V-3) is energized 
a pressure is created in the discharge port 
of (R-2) allowing (R-1) to operate at whatever 
setting (R-1) is set. The remote relief (R-2) 
can be 1/4" ported and should be set at only 
whatever pressure is needed to return the 
cylinder. 


Cam Valve Unloading 


PH Cam Operated 
Directional Valve 


illustration i-8 





(V-1) 


circu 1-4 


A cam operated valve (V-1) is mounted on the 
machine in such a position that when the cyl- 
inder reaches its retracted position it makes 
the cam, and unloads the pump back to the 
reservoir. 


Venting the Relief Valve to Unload 


Venting the relief valve (R-1) is a very com- 
mon practice. This can be accomplished by us- 
ing a manual or solenoid operated valve con- 
nected to the vent part of the system relief 
(V-1) The vent valve may be 1/4" ported. 
This size vent valve will vent the largest of 
pilot operated reliefs, which will unload the 
corresponding pumps. 
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Note: The vent system will not work with a 
direct acting relief, only a pilot operated 
relief. The pilot operated relief must be able to 
handle the full pump (or pumps] flow. The 
only back pressure seen in the system is what 
developed by the relief valve vent spring. 
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Tandem Center Directional 
Control Valve Unloading 


RN 


D 





circuit 1-6 


This circuit should not be used with more than 
3 directional valves. Using over 3 valves the 
pressure drop becomes very high. Some of this 
pressure drop can be overcome by greatly over- 
sizing the directional valves if three or more 
are needed. 


High Pressure Forward, 
Low Pressure Return 







(Q0 


circuit i-7 


LOW PRESSURE 
RELIEF 
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R-1 is set for high pressure forward, and R-2 
for low pressure return. 


Hi-Lo System 
With Set-Up Control 








circuit 1-8 


This is a Hi-Lo system with an optional set-up 
control. During set-up operations the high 
volume pump (P-1) is unloaded by energizing 
(V-1) with the manual switch. Set up opera- 
tion can be made with a slow operating speed 
using only the low volume pump (P-2). After 
set-up and returning the manual switch to it's 
normal position, the pressure switch will ener- 
gize the unloading valve at a set lower pres- 
sure to allow the high volume low pressure 
pump to be unloaded. The high pressure low 
volume pump develops higher working pres- 
sure at a slower speed. Both pumps will be 
used to return the cylinder. 


Note: (V-1) should be a normally open valve. 
This gives an added safety feature in case of 
solenoid or electrical problems. 
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а circuit continued 


description 


Two Pressure System Unloading 


Directional valve in mid position (RV1) vented: 


Position 1 — Press. (RV2) 
Position 3 — Press. (RV1) 
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ible outlet vane pump. The two pumps, on a single shaft, can develop two output volumes to separate systems, or the two 


M in can be combined for high-volume, low-pressure and low-volume, high-pressure use. 





pump operation 


The ever widening application | of hydraulic 
systems to the operation and automatic con- 
trol of machinery and material handling equip- 
ment can be attributed to their тапу advan- 
tages. These include smoothness of operation, 
relative simplicity, substantial force available, 
and ease of adaptability. Foundries have put 
hydraulic systems to good use in meeting the 
modern trend toward upgrading operations. 


In the typical application, power generally is 
transmitted to a hydraulic system from a 
motor or engine drive. This mechanical energy 
is converted to fluid energy thrdugh a pump, 
the heart of any hydraulic system. 


Contrary to a common misconception, the 
pump does not pump pressure. Its job is to set 
fluids into motion. During operation the pump 
takes fluid from its inlet port and pushes it out 
the outlet port. With each increment of revolu- 
tion, it moves a fixed amount of fluid. As 
the fluid flows into the system, it encounters a 
resistance to flow that creates pressure. Re- 
sistance is created by the workload and by the 
internal resistance of components such as 
valves and elbows in the line. Since the pump 
tends to move a fixed amount of fluid during 
each increment of revolution, its operation is 
affected only slightly when resistance to flow 
is encountered at the outlet port. 








pump operation continued 


Pumps are designed with a positive internal 
seal to prevent fluid flowing backward from 
the outlet port to the lower pressure inlet 
port as the system pressure builds up. Back- 
ward flow, called slippage, however, cannot 
be prevented completely by any design. Thus, 
as pressure increases, the volumetric output 
of the pump decreases due to slippage. 


Pump Ratings — Pumps are rated according to 
their volumetric output at a given pressure 
and stated revolutions per minute. They also 
are rated by displacement per revolution. The 
volumetric output of a pump, referred to as its 
delivery, is the amount of liquid the pump can 
deliver at its outlet port per unit of time, at a 
given drive speed. Delivery usually is express- 
ed in terms of gallons per minute. Since 
changes in pump drive speed affect delivery, 
the SAE Test Code defines delivery for mobile 
pumps as the flow of fluid developed by the 
pump at 1,000 RPM and 100 p.s.i., with the 
fluid at 120°F. Industrial pumps abide by 
similar rating standards. 


Fixed vs Variable Delivery — Depending on 
the application, hydraulic systems require a 
pump with a constant delivery or one with 
output that can be varied. Flow variations may 
be achieved in two ways: 1. By varying the in- 
put speed to the shaft. 2. By maintaining a 
fixed speed and mechanically varying the 
pump displacement. 


Fixed-displacement pump flow can be varied 
only by varying the speed. These pumps are 
slightly less complicated than variable dis- 
placement pumps and most often are used 
when system flow demands are relatively con- 
tant. In systems with varying flow demands, 
the variable-displacement pump begins to 
show some of its advantages. Demands placed 
on the pump by the different system elements 
result in excessive heat loss problems. This 
problem can be circumvented by using more 
than one fixed-displacement pump unit in a 
circuit. А typical application requiring more 
than one fixed-displacement pump is a ram 
that must first be moved quickly and then held 
in a fixed position at the end of the stroke. 


Variable-displacement pumps usually are run 
at constant speed. They are so designed that 
the delivery can be varied easily from zero to 
maximum through built-in mechanical means 
that control the working arrangement of the 
pump's internal operating mechanism. Since 
variable-displacement pumps are more com- 
plex than fixed-volume units, their use is 
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limited to applications that demand the vari- 
able feature. 


А variable-displacement pump with pres- 
sure compensation has the advantage that it 
pumps only that amount of fluid that the 
circuit requires. If a 20-GPM pump is required 
to pump only 3 GPM under certain conditions, 
it will deliver only 3 GPM, and at the same 
time consume only a reduced amount of 
power. Applying the principle of variable 
volume permits a wider range of uses. 


The ability to vary the volume of fluid in ac- 
cordance with circuit demands permits the 
user to reduce the horsepower consumption, 
eliminate some valves, and, by the same 
token, generally reduce heat problems. А!- 
though variable-displacement pumps have a 
higher initial cost and require more mainte- 
nance, these advantages have contributed to 
their growing popularity. 


Pump Types — Practically all hydraulic pumps 
fall within three classifications of design: gear, 
vane, and piston. All three types may be used 
when a constant displacement is required, but 
only vane and piston pumps are designed to 
produce a variable displacement. 








fluid power | 
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gear pumps 

Gear pumps are the simplest type of fixed- 
displacement hydraulic pump available. This 
type consists of two external gears, generally 
spur gears, within a close-fitting housing. One 
of the gears is driven directly by the pump 
drive shaft. It, in turn, then drives the second 
gear. Some designs utilize helical gears, but 
the spur gear design predominates. 





Housing | 
Driven Gear 
Inlet — Outlet 
Drive 
Gear 
Shaft 
illustration i-12 


pump operation. Fluid flow is around {he outside of the 
between the gear teeth and the housing. 


Gear 
gears, 





r pumps operate on a very simple principle, 
и tration 1-12. As the gear teeth unmesh, the 
volume at the inlet port expands, causing fluid 
to flow from the inlet to the discharge side of 
the pump. Fluid flow is around the outside of 
the gears between the gears and| the housing. 
The continuous action of the fluid being car- 
ried from the inlet to the discharge side of the 
pump forces the fluid into the system. Fluid 
from the discharge side is prevented from re- 
turning to the inlet side by the close meshing 
of the two gears, and the small clearance bet- 
ween the gears and housing. 


Volumetric Efficiency — This depends prima- 
rily on closeness of fit between the gear 
faces and the wear plates, between the gears 
апа housing, and between the meshing hears. 
Normally, the clearance betwee n the wear 
plates and the gear faces is maint fined by pres- 
sure loading the wear plates to vdd the gears. 
Many schemes have been developed to ассдт- 
plish this. Closeness of fit also affects the maxi- 
mum pressure that can be developed. 


pump can withstand include the ability of the 
bearing to withstand the unbalanced loads 
created by pressure within the pump, and 
strength of the shaft. 


Factors that limit the amount ely a the 


Operating range of gear pumps generally) is 
between 1,500-2,500 p.s.i., ее ргез- 
eved. Deliv- 


sures up to 4,000 p.s.i. can be ac 


ery can range from 2 to 100 GPM. At the lower 
delivery rate, pump speed can be as high as 
6,000 RPM. At the higher delivery rate, pump 
speed is limited to 2,500 RPM. 


Vane Pumps 

The vane pump, illustration 1-13, consists of a 
housing that contains a slotted rotor mounted on 
a drive shaft. The housing has an internal sur- 
face that is eccentric or offset with respect to 
the drive shaft axis. In some models this inside 
surface consists of a cam ring that can be 
rotated to shift the relationship between rotor 
and inside surface. The slots in the rotor are 
rectangular and extend radially from a center 
radius to the outside diameter of the rotor 
and from end to end. A rectangular vane that 
is essentially the same size as the slot is in- 
serted in the slot and is free to slide in and out. 


Vane Ring 


Shaft 
Rotor 


illustration i-13 


Vane pump. Rotor has slots in which vanes can slide outward 
under centrifugal force. 


As the rotor turns, the vanes thrust outward, 
and the vane tips track the inner surface of the 
housing, riding on a thin film of fluid. Two 
port or end plates that engage the end faces of 
the ring provide axial retention. 


Centrifugal force generally contributes to the 
outward thrust of the vanes. As they ride along 
the eccentric housing (cam ring) surface, the 
vanes move in and out of the rotor slots. The 
vanes divide the area between the rotor and 
casing into a series of chambers. The sides of 
each chamber are formed by the two adjacent 
vanes, the port or end plates, the pump casing, 
and the rotor. These chambers change in vol- 
ume depending on their respective position 
about the shaft. 


As each chamber approaches the inlet port, its 
vanes move outward and its volume expands, 
causing fluid to flow into the expanded cham- 
ber. Fluid is then carried within the chamber 
around to the discharge port. As the chamber 
approaches the discharge port, its vanes are 
pushed inward, the volume is reduced, and the 
fluid is forced out the discharge port. 
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The variable-volume vane pump can be adjust- 
ed to discharge a different volume of fluid 
while running at constant speed, simply by 
shifting the cam ring with respect to the rotor. 
When the pump components are in a position 
such that the individual chambers achieve 
their maximum volume as they reach the in- 
let port, the maximum volume of fluid will be 
moved. If the relationship between housing and 
rotor is changed such that the chambers 
achieve their maximum or zero volume as they 
reach the inlet port, the pump delivery will be 
reduced to zero. 


Volumetric Efficiency — Since the vane pump 
housing or cam ring must be shifted to change 
the eccentricity and vary the output, variable- 
displacement vane pumps cannot have the 
close end fit common to fixed-displacement 
pumps. Volumetric efficiency is in the range 
of 90 to 95%. These pumps retain their effi- 
ciency for a considerable length of time since 
compensation for wear between the vane ends 
and the housing is automatic. As these sur- 
faces wear, the vanes move farther outward 
from their slots to maintain contact with the 
housing. 


Vane pump speed is limited by vane peri- 
pheral speed. High peripheral speed will 
cause cavitation in the suction cavity, which 
results in pump damage and reduced flow. 


An imbalance of the vanes can cause the oil 
film between the vane tips and the cam ring 
to break down, resulting in metal-to-metal con- 
tact and subsequent increased wear and slip- 
page. One method applied to eliminate high 
vane thrust loading is a dual-vane con- 
struction. System 


Cam Rin 
> Pressure 







System Pressure 


Dual Vane 


illustration i-14 


Dual-vane construction. Two independent vanes are mount- 
ed in each slot. Channel between them balances the hydrau- 
lic pressure on each individual vane. 


In the dual-vane construction, two indepen- 
dent vanes are located in each rotor slot, ill- 
ustration i-14. Chambered edges along the sides 
and top of each vane form a channel that 
essentially balances the hydraulic pressure 
on the top and bottom of each pair of vanes. 
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Centrifugal force causes the vanes to follow 
the contour of the cam-shaped ring. There is 
just sufficient seal between the vanes and 
ring without destroying the thin oil film. 


Piston-Type Pumps 

Two basic types of piston or reciprocating 
pumps are the radial piston and the axial types. 
In most piston pumps, a number of pistons 
reciprocate in a rotating cylinder barrel. This 
type of pump is so constructed that the pistons 
retract while passing the inlet port, expanding 
the volume and permitting the fluid to flow in 
through the inlet port and into the pumping 
chambers. The pistons then extend as they ap- 
proach the outlet, decreasing the volume and 
causing the fluid to flow out the outlet port. 


Axial piston pumps are available in two basic 
designs: 1.In-line design. 2. Angle or bent- 
axis design. 


In-Line Piston Pump — his type of pump, 
illustration 1-15, includes a housing, a drive 
shaft, a "rotating group," a shaft seal, and the 
valve plate. The valve plate contains the inlet 
and outlet ports and functions as the back cov- 
er. The rotating group, which is splined to the 
drive shaft, is on the same centerline as the 
drive shaft. It includes the pistons, angled 
swash plate, and shoe plate. Other terms for 
swash plate are tilt box, tilting blocks, cam 
plate, and wobble plate. 







Swashplate 
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Pump Compensating 


illustration i-15 


In-line axis piston pump. А. Maximum swash plate angle for 
maximum displacement. B. Decreased swash plate angle for 
partial displacement. C. Zero swash plate angle for zero 
displacement. 


pumps 
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When the cylinder block rotates, the p 
rediprocate as they ride over the angle plate. 
The pistons are held against it by the shoe 
plate. The angle of the swash plate controls 
the delivery. Where the swash plate is fixed, 
the pump is of the constant digo еле type. 


In| the variable-displacement, inline piston 
pump, the swash plate is mounted on a pivot- 
ed yoke. As the swash plate angle is increased, 
the cylinder stroke is increased, resulting in a 
greater flow. A pressure compensator control 
can position the yoke automatically to main- 
tain a constant output pressure. 


There is a variation of the swash plate in-line 
pump. It is a design where the swash plate 
turns, but the cylinder barrel remains station- 
ary. The plate is canted so that Ц wobbles as it 
turns. This action pushes the pistons in апа 
oui of the stationary cylinder barrel. 


This type of in-line pump contains a separate 
inlet and outlet check valve for each piston 
since the pistons do not move past the inlet and 
outlet port. 


Bent-Axis Piston Pump—lIllustration 1-16 shows 
a bent-axis piston pump, which contains a cyl- 
inder block assembly in which the pistons are 
equally spaced around the cylinder block axis. 
Cylinder bores are parallel to the axis. The cyl- 
inder block is linked to the driving mechanism 
in such a way that the driving mechanism and 
cylinder block rotate at the same speed. 
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Bent-axis piston pump. This can provide variable volume by 
varying the piston strokes. The cylinder block is carried in a 


yoke that can be set al the desired angle with the drive shaft. 


As the shaft rotates, distance between any one 
piston and the valving surface changes con- 
tinually. Each piston moves away from the 
valving surface during one half of the revolu- 
tion and toward the valving surface during the 
other half. The inlet chamber is in line as the 
piston moves away, and the outlet chamber is 
in line as the piston moves closer, thus draw- 
ing liquid in during one half of the inlet cham- 
ber as the pistons are moving away from the 
pintle and open to the pintle outlet chamber as 
the pistons are moving toward the pintle. 


Therefore, during rotation, pistons draw liquid 
into the cylinder bores as they pass the inlet 
side of the pintle and force that liquid out of 
the bores as they pass the outlet side of the 
pintle. Through a ring-shifting mechanism, 
output can be varied between zero and full 
volume. It also is possible to reverse the direc- 
tion of fluid flow without stopping the pump 
or changing its direction. 


Radial Piston Pumps — Radial piston pumps, are 
arranged so that the line of piston motion is 
perpendicular to the centerline of the shaft. This 


type consists of a rotating cylinder block that 


contains radial cylinders and is connected to a 


drive shaft, and an outer casing (rotary ring), the 


centerline of which is offset from the cylinder 


block centerline. The outer ends of the pistons are 
held in contact with the rotor ring by centrifugal 
force and fluid pressure. A stationary pintle 
(spindle) ports the inlet and outlet flow. 


Since the rotor centerline is offset with respect 


to the cylinder block centerline, and the pis- 
tons must follow the rotor orbit, the pistons 
are forced toward the pintle during half of a 
cylinder block revolution and away during the 
other half of the revolution. The pintle is 
ported so that cylinder block ports are open to 
the pintle revolution and forcing it out during 
the other half. 


Pistons are driven through connecting rods 
attached to the driving plate by ball and 
socket joints, or by a wobbler plate. The angle 
between the centerline of the cylinder block 
and that of the drive shaft determines the vol- 
ume output. If the angle is fixed, the pump is of 
the variable-displacement type. With the lat- 
ter type, flow of fluid can be reversed by 


changing the angle from one side to the other. 


Various controls such as screw adjustment, 
electric servo, and compensator pistons can 
be applied to change the angle and control a 
variable displacement. 
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trouble shooting pumps 


pump makes excessive noise 


1. Check for vacuum leaks in the suction line. 
(Such as leak in fitting or damaged suction 
line.) 


2. Check for vacuum leaks in the pump shaft 
seal if the pump is internally drained. Flood- 
ing connections with the fluid being pumped 
may cause the noise to stop or abate momen- 
tarily. This will locate the point of air entry. 





illustration i-21 


з. Check alignment with drive mechanism. 
Misalignment will cause wear and subsequent 
high noise level in operation. 


4. Check manufacturers specifications relative 
to wear possibilities and identification of in- 
dications of wear as high operating noise level, 
etc. 


5. Check compatibility of fluid being pumped 
with manufacturers recommendations. 


6. Relief or unloading valve set too high. 
Use reliable gauge to check operating pres- 
sure. Relief valve may have been set too high 
with a damaged pressure gauge. Check var- 
ious unloading devices to see that they are 
properly controlling the pump delivery. 


7. Aeration of fluid in reservoir (return lines 
above fluid level]. 


8. Worn or sticking vanes (vane type pump). 
9. Worn cam ring. 

10. Worn or damaged gears and housing. 
11. Worn or faulty bearing. 

12. Reversed rotation. 


13. Cartridge installed backwards or improp- 
erly. 


14. Plugged or restricted suction line or suc- 
tion strainer. 


15. Plugged reservoir filter breather. 


16. Oil viscosity too high or operating temper- 
ature to low. 


17. Oil pour point too high. 


18. Air leak in suction line or fittings also 
causing irregular movement of control circuit. 


19. Loose or worn pump parts. 
20. Pump being driven in excess of rated speed. 
21. Air leak at pump shaft seal. 


22. Oil level to low and drawing air in 
through inlet pipe opening. 


23. Air bubbles in intake oil. 
24. Suction filter too small. 
25. Suction line too small. 


26. Pump housing bolts loose or not properly 


torqued. 


27. Drain port improperly positioned allowing air 


to be trapped in pump housing. 


pump failure to deliver fluid 
1. Low fluid level in reservoir. 
2. Oil intake pipe suction strainer plugged. 


3. Air leak in suction line and preventing 
priming. 


4. Pump shaft turning too slowly. 
5. Oil viscosity too high. 

6. Oil lift too high. 

7. Wrong shaft rotation. 

8. Pump shaft or parts broken. 

9 


. Dirt in pump. 


> 


0. Variable delivery pumps. (Improper stroke.) 


oil leakage around pump 
1. Shaft seal worn. 


2. Head of oil on suction pipe connection - 
connection leaking. 


3. Pump housing bolts loose or improperly 
torqued. 


4. Case drain line too small or restricted. (Shaft 
seal leaking.) 


5. Cracked housing, over pressurized. 
excessive pump wear 


1. Abrasive dirt in the hydraulic oil being 
circulated through the system. 


2. Oil viscosity too low. 


3. System pressure exceeding pump rating. 
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troubleshooting pumps continued 


4. Pump misalignment or belt drive too tight. 2. Excessive system pressure above maximum 


5. Air being drawn in through inlet of pump. pump таппа; 

3. Excessive torquing of housing bolts. 
pump parts inside housing broken 4. Solid matter being drawn in from reservoir 
1. Seizure due to lack of oil. and wedged in pump. 


5. Lack of clearance between rotor and ring. 
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inverted flared fittings 





illustration j (a-1] 


Advantages — Built to resist mechanical pull- 
out. This economical fitting can be assembled 
and disassembled repeatedly. Readily avail- 
able in a broad selection of styles to fill your 
specific needs. Extruded from CA 360 or CA 
345 brass rod. 


Approvals — Approved by Underwriters’ Labor- 


atories (No. AU 1432) for hazardous liquid, 
fuel| equipment. Meets specifications of the 
Society of Automotive Engineers (5.А.Е.) auto- 
motive tube fitting standards and specifica- 
tions, 


Applications — Use with copper, brass, alum- 
inum and welded steel hydraulid tubing that 
can|be flared. Manufactured especially for 
атаны liquids and gases. 


Working Pressure Ranges — Temperature and 
type of tubing used are important factors. 
However, the following table is a good guide for 
proper selection. Temperature 73?F with cop- 
per tubing. 





=a 
PSI Tube О.О. (in. Tube Wall (in.) 


> 
2800 1/8 .030 
1900 3/16 030 
1400 1/4 030 
1200 5/16 032 
1000 3/8 032 
750 1/2 032 
650 5/8 035 
table j (ал) -950 3/4 = 
Temperature Ranges — From minus 65" to 


plus 250?F. 
Vibration — Will withstand minimal vibration 
movements. 


Assembly Instructions 
1. Cut tubing squarely. 


2. Place nut onto tubing. (Threaded end of 
nut toward tubing end.) 


3. Flare tube end with flaring tool. 


4. Clamp tube flare between nut and flare 
seat of body by screwing nut on finger tight. 
Tighten slightly with wrench for leakproof, 
metal-to-metal joint. 


| | 
compression: threaded sleeve and standard fittings 





illustration | (a-2) 


Advantages — No flaring, soldering or other 
preparation of tubing necessary to assemble. 
This| economical fitting is readily рудари ЈЕ 
a broad selection of styles. Manufactured fram 


CA 360 or CA 345 brass rod. 

Approvals — Compression fittings approved by 
Undérwriters' Laboratories (No. AU1432) for 
hazardous liquid, and fuel equipment. Both 
compression and threaded sleeve fittings meet 
specifications of the Society of Automotive 
Engineers (S.A.E.) automotive tube fitting 
standards. 


Applications — Use with copper, brass, and 
aluminum. Not recommended for steel tubing. 
Manufactured for low- and medium-pressure 
tubing connection work where excessive vi- 
bration or tube movement is not involved. 


Working Pressure Ranges — Temperature and 
type of tubing used are important factors; 
however, the following table is a good guide 
for proper selection. Temperature 73°F. 


| 

“рї Tube О.Р. (in) Tube Wall (in) 
400 1/8 030 — 
400 3/16 030 
300 1/4 030 
300 5/16 032" 
200 3⁄8 o2 
200 ^ 1/2 082 
150 5/8 035 | 
100 з4 oas 
7% вз 035 

table j (a-2) 

Temperature Ranges — From minus 65° to 

plus 250?F. 





compression continued 


Vibration — Fair resistance to vibration or 
tube movement, depending on applications in- 
volved. 


Assembly Instructions — Slide nut, then sleeve 
onto tubing. The thread end of the nut must 
face out. (On the threaded sleeve fitting, the 
lead end of the nut incorporates the sleeve.) 


Insert the tube into the fitting. Be sure the tube 
is bottomed on the fitting shoulder. 


Assemble nut to body, and tighten "hand- 
tight.” Then follow the number of wrench 
turns as indicated in the table below. 
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quu RUDI igco pU cac e a a cp р) 
Turns required to seal from hand-tight 


Fitting Tube Compression Threaded Sleeve 
Size Size Fittings Fittings 
2 1/8 1-1/4 1-1/2 
3 3/16 1-1/4 1-1/2 
4 1/4 1-1/4 1-1/2 
5 5/16 1-3/4 1-1/2 
6 3/8 2-1/4 1-1/2 
8 1/2 2-1/4 1-1/2 

10 5/8 2-1/4 

12 3/4 2-1/4 

14 7/8 2-1/4 


table j (a-3) 





sae 45° flared fittings 





illustration j {a-3) 


Advantages — This economical fitting resists 
mechanical pullout. Can be assembled and dis- 
assembled repeatedly. Manufactured from CA 
360, CA 345 or CA 377 brass rod. 


Approvals — Approved by Underwriters' Lab- 
oratories (No. AU1432) for hazardous liquid, 
fuel equipment. Meets specifications of the So- 
ciety of Automotive Engineers (S.A.E.) auto- 
motive tube fitting standards and specifica- 
tions. 


Applications — Use with copper, brass, alumi- 
num and welded steel hydraulic tubing that 
can be flared. Manufactured especially for 
hard-to-hold liquids and gases. 


Working Pressure Ranges — Temperature and 
type of tubing used are important factors. 
However, the following table is a good guide 
for proper selection. Temperature 73°F with 
copper tubing: 





PSI Tube O.D. (in.) Tube Wall (in.) 





2800 1/8 .030 
1900 3/16 .030 
1400 1/4 .030 
1200 5/16 .032 
1000 3/8 .032 
750 1/2 032 
650 5/8 035 
550 3/4 035 
450 7/8 035 
table j (а-4) 
Temperature Ranges — From minus 65? to 
plus 250?F. 


Vibration — Short nut may be used when vi- 
bration is minimal. Otherwise the long nut 
offers additional vibration capacity. 


Assembly Instructions 
1. Cut tubing squarely. 


2. Place nut onto tube. Open threaded end of 
nut toward end of tube. 


3. Flare tube end with flaring tool to provide 
45? flare. 


4. Clamp tube flare between nut and nose of 
fitting body by screwing nut on finger tight. 
Tighten slightly with wrench for leakproof, 
metal-to-metal joint. 


Flare fittings are easy to disassemble and may 
be reassembled repeatedly, always for a leak- 
proof connection. 
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nt fittings 





illustration j (а-4) 


Advantages — The Parker NT is the only fit- 
ting designed especially for nylon tubing with 
a built-in tube support to prevent tube collapse 
and a special acetal resin sleeve to prevent 
tube notching. When the nut is tightened, the 
sleeve (a very high-impact material with fine 
memory qualities) and the nylom tubing cold 
flow to mold to the contour of the fitting. This 
iid couples the nylon tubing beyond th 











yield strength of either single- or double-ply 
tubing and beyond the tubing's burst pressure. 


Parker exclusive nylon tube fittings provide 
more flow clearance than conventional fittings. 
Readily available in sizes and styles to fill your 
specific needs. Manufactured from CA 360, 
CA 345 or CA 377 brass. 


Approvals — Fitting bodies and nuts meet 
S.A.E. specification J-512. 


Applications — Use with Fast & Tite™ or other 
high-quality nylon tubing. 


Assembly Instructions — Insert tube to bottom 
in fitting. Then tighten with a wrench. The 
built-in tube support will withstand the nec- 
essary torque required on the nut to make a 
secure connection. (The 1/8 and 3/16 tube sizes 
do not require the built-in tube support, but 
care should be taken not to over-torque these 
two sizes when tightening nuts.) 





dubl-barb 
fittings 





illustration | (а-5) 


Advantages — The double barbs hold the tub- 
ing like a Chinese finger trap — actually tighten 
the grip when the tubing tries to pull loose. In 
addition to the styles shown, custom DUBL- 
BARB fittings to meet your exact requirements 
are available. Extruded from CA 360 or CA 
345 brass rod. 


Applications — Because of the many available 


illustration j (а-6) 


poly-tite 
fittings 


variations in qualities of polyethylene tubing, 
DUBL-BARB fittings are recommended for use 
with Parker Fast & Tite polyethylene tubing 
(or an equal grade). Parker Fast & Tite tubing 
is highly resistant to environmental stress 
cracking which is necessary for long life when 
coupled with expansion fittings. 


Working Pressure and Temperature Ranges — 
In tube sizes -4 to -6, working pressures up 
to 150 psi are practical at temperatures rang- 
ing from minus 65° to plus 90°F. On tube size 
-8 working pressures to 100 psi at temperatures 
ranging from minus 65° to plus 75°F. 


Assembly Instructions — Simply push tube over 
the two barbs — be sure tube has a flat, 
"square" end. 








Advantages — A compact brass compression 
fitting designed to speed any installation. Body, 
nut and sleeve are preassembled, ready to use. 
Poly-Tite, with an exclusive acetal resin sleeve, 
holds plastic tubing where it belongs, even 
when pressure exceeds tubing burst point. 
'Poly-Tite sleeves have high strength, excellent 
dimensional stability and resilience to resist 
creeping; sleeves recover from compression 





design engineers handbook 





poly-tite fittings continued 





and remain exceptionally strong. Poly-Tite fit- 
tings can be assembled and disassembled re- 
peatedly. Manufactured from CA 360, CA 345 
or CA 377 brass rod. 


Applications — Use with Parker Fast & Tite 
or other high-quality polyethylene tubing for 
instrument, pneumatic, lubricant, fuel and 
coolant lines. For use with soft metal tubing, 


use a brass sleeve. 


Working Pressure and Temperature Ranges — 
Up to 160 psi at temperatures ranging from 
0? to plus 175°F. 


Assembly Instructions — Insert tube end until 
it bottoms in the Poly-Tite fitting and tighten 
the knurl/hex nut finger-tight. No tools needed. 





pipe fittings 





illustration j (a-7] 


Advantages — All fitting threads are made to 
Dryseal standards. Connectors, unions, nuts 
and extruded elbows and tees are machined 





illustration j (0-8) 


Advantages — You can assemble tubing to 
Parker Air Brake fittings without having to 
flare or solder the tubing. These economical 


from CA 360 and CA 345 brass rod; forged el- 
bows and tees machined from CA 377 brass. 


Approvals — Meets specifications of the So- 
ciety of Automotive Engineers (S.A.E.) auto- 
motive pipe fitting standards. 


Applications — Use with brass, copper, or iron 
pipe. Manufactured for low- or medium-pres- 
sure line connection work. 

Temperature and Working Pressure Ranges — 
From minus 65° to plus 250°F at 1000 psi. 


Vibration — Fair resistance to vibration and 
pipe movement depending upon conditions. 





air brake fittings 


brake systems. 


Working Pressure Ranges — Up to 150 psi. 


Temperature Ranges — Parker Air Brake fit- 
tings will withstand temperature variations 
from minus 65? to plus 250?F. 

Assembly Instructions 

1. Cut tubing squarely. 

2. Slide nut and and sleeve onto tubing. 


3. Insert tubing into fitting until bottomed on 
seat. The nut should be screwed down finger- 
tight, then wrench-tightened as indicated be- 


fittings are extruded from CA 360 or CA 345 low (this will also allow for the maximum E 
brass, and are readily available in a broad se- number of remakes): 5 
lection of styles. - = 
Approvals — Meet specifications of the Society UC cre ton Nene tant 5 
of Automotive Engineers (S.A.E.) automotive 1/4, 3/8 1-3/4 
tube fitting standards for extruded fittings. 1/2, 5/8, 3/4 3-1/4 


Applications — Use with copper tubing in air 


table | (а-5) 
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drain cocks and needle valves 


o xi Drain Cocks Advantages — Drain cocks have 
oo | both external-seats and internal-seats. Hand- 
| tightening insures a positive seal. 


Needle Valves Advantages — Have metal-to- 
metal seats, with fine-thread screwdown. This 
enables positive sealing as well as precise ad- 
justments to hold any amount of flow up to the 
valve capacity. 


Working Pressure Ranges — Both drain cocks 
and needle valves are designed to withstnad 
up to 150 psi working pressure. 


Needle Valves Installation Instructions — Ser- 
ies NV valves should always be installed with 


illustration j (a-9) the pressure against the seat. 
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coupling seal material selection 


fluorocarbon rubber (FPM) 


Working temperature range -20 to +400 de- 
grees F. 


FPM is recommended for: 
Petroleum oils 
Di-ester base lubricants 
Silicate ester base lubricants 
Silicone fluids and greases 


nitrile or buna n (nbr) 
Working temperature range -65 to *250 de- 
grees F. 


NBR is recommended for: 
General purpose sealing 
Petroleum oils and fluids 
Water 
Silicone greases and oils 
Di-ester base lubricants 
Ethylene glycol base fluids 


ethylene propylene rubber (EPM) 
Warking los экы range -65 to +300 de- 
grees F. 


EPM is recomrhended і for: 

Phosphate ester base hydraulic fluids (Sky- 
drol, Cellulube, Phydraul) 

Steam (to 400 degrees Е.) 
Water 
Silicone oils and greases 
Diluted acids 
Diluted alkalies 
Ketones 
Alcohols 
Automotive brake fluids 


chloroprene rubber (CR) 
Working temperature range -65 to +300 de- 
grees F. 


CR is recommended for: 
Refrigerants (Freon, NH?) 
High aniline point petroleum oils 
Mild acid resistance 
Silicate ester lubricants 


= 
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illustration j (5-1) 


steel, carbon alloy 


Applications: General purpose use and high 
pressures for maximum wear and strength. 


brass 


Applications: Non-magnetic, non-sparking, 
fresh water marine service, high temperature 
and water systems. 


stainless steel 

Applications: Corrosive material handling in 
chemical, pharmaceutical, beverage and food 
processing. Excellent for salt water marine 
applications. 


coupling selection 

System Pressure and Pressure Surges 
Pressure rating is invariably the most impor- 
tant factor in selecting a quick disconnect 
coupling, because if the system pressure is 
higher than the rating of the coupler, it can- 
not be used. Quick disconnect couplings are 
pressure-rated according to operating, proof, 
and burst pressures. 


Flow Requirements 
Pressure drop is usually very important as 
this factor can drop the overall efficiency of 
the system. 


System media and temperature 
The compatibility of materials and seals with 
the system media and temperature governs 
the choice of metallic components and seal- 
ing materials. 


Environmental and Functional Considerations 
Environmental considerations such as corro- 
sion, maintainability and cleanliness, along 
with functional characteristics such as forces 
required for connection and disconnection, 
fluid loss at disconnect, air inclusion during 
connection, end terminations, weight and 
size, vacuum rating, coupling means and 
type, are all factors affecting the selection 
of a quick disconnect coupling. 


Performance data to assist in the selection of 
a quick disconnect coupling is available from 
the manufacturer's specifications. 





illustration j (b-2) 





coupling seal material selection continued 


quick couplings 

Quick disconnect couplings are used for ease 
of rapidly and repetitively connecting and dis- 
connecting fluid lines without the use of tools. 
One half is normally attached to a flexible line. 


Quick disconnect couplings consist of two mat- 
ing parts: The female half (sometimes referred 
to as the "socket" or "coupler body") and 
the male half (often referred to as the "plug" 
or "nipple body’). 


Couplings are locked with detented balls, pins, 
dogs, pawls, cams or screw threads. The ball 
type lock is the most widely used. 


The three most popular types of quick discon- 
nect couplings are the single shut-off, double 
shut-off, and straight-thru. Standard materials 
are brass, aluminum, steel and stainless steel. 


single shut-off 

Single shut-off couplings are designed bas- 
ically for use in pneumatic systems using 
standard shop air at 300 psig or less. The fe- 
male half includes a shut-off valve, but the 


male half does not, hence the term "single 
shut-off." 


The female half should be installed on the up- 
stream (supply) end of the line to shut off the 
air supply when the coupling is disconnected. 


There are many types and styles of popular 
interchangeable designs available, as outlined 
in Parker catalog 3803. 


С 


illustration j (5-3) 


double shut-off 


Often referred to as hydraulic couplers, the 
double shut-off designs have shut-off valves in 
both male and female halves. 





Since it includes positive shut-off in both 
halves, the double shut-off type virtually elim- 
inates fluid loss upon disconnecting thus this 
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type is ideal for applications on lines carrying 
liquids. 


Quick disconnects using precision steel balls 
as a valving means are popular on agricultural 
and mobile equipment for remote hydraulic 
lines. The steel ball offers long and reliable 
service for these rugged applications. 


Several designs are available for both "open" 
and "closed" center hydraulic systems, which 
allow for connecting under pressuized conditions. 
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illustration j (b-4) 


straight-thru 

Since there is no shut-off valve in either coup- 
ling half, the straight-thru coupling provides 
free, unrestricted flow with very little pressure 
drop. 


As the straight-thru coupling lacks a means 
for shutting off flow automatically upon dis- 
connect, a shut-off valve should be installed 
in the line. 
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hose selection by pressure 


| 


| HOSE DIAMETERS (1. PT 






CONSTRUCTION 
L (ШЕ Hi-Temp 300°F Rating, One Braid Strainiess 
ow Е-Е ng. i 
Steel Wire Polyester Braid Cover SAE J1402 Туре D, Class 1! 5925 1500 
| Pressure — SAE—100R5, J1402 Type D, Class | 20 1 
| Catton Wire — Cotton Braided Hose — With Rubber * 
Cover 221 3000 2250 1750 


| Low Pressure Hydraulic and Freon 12 Refrigerant 
| Service — Multiple Cotton Braid, Perforated 
| Rubber Cover, 250°F 





| жат and 22 Refrigerant Service & Low Pressure 
| Hydraulic Service Seamless Nylon Inner Tube, Fiber 
| Braid ішінің Synthetic Rubber Cover, 212°F 


23° T 
35 
High | ressure LPG Service (250-350 PSI) —40°F to +2129Е 


ЖАЗ ща! 
55250 | ет 


Reinforcement. Synthetic Perforated Rubber Cover 
UL ре and Labeled. 2 LP P G 
1 





Freon 12 Refrigerant Service — One Wire Braid, 
| Red Red linpregnated Fabric Cover 


| Ж "и Pressure, J1402 Type D, Class | Hi-Temp 
| 300°F Rating, Cotton, Wire, Cotton Construction 


Е 
è Е 
Bo 

_ ү [d Lohn] 


High Pressure LPG Service (250-350 PSI) —40? to +250°F 
| Опе S.S. Wire Braid and Two Textile Braid Reinforcement. 
| гау cover U.L. approved and labeled. 






















| 
| High Pressure Service — SAE 10082 — Туре AT — | : 
| Two Wire Braid, Rubber Cover (Мо Skive) 30 | 5000 
| * 
№ Inner Tube for Phosphate Ester Fluids (No Skive) 304 | 4500 4500 
R | 
| Nyton Inner Tube for Greater Fluid Compatibility 305 1 


| | No Skive | 381 


=, 


| Very High Pressure Service — Four Wire Spiral Wound 
Hose! Rubber Cover (No Skive) SAE 100 R9AT 


| 
| dl; High Pressure Service — SAE 10091 Type T 
| Опе уе Braid, Rubber Cover (No Skive) 


| Extreme High Pressure Service — Four Heavy 
| Md ad Wound, Rubber Cover (No Skive) 


| Extreme High Pressure Service — Four Heavy Wire 
Spiral Wound, Rubber Cover SAE100R10 — No Skive 







Low Pressure Service — Push-Lok One Fiber Braid 
lara Cover — Multiple Color (Non-Hydraulic Service) 





Low Pressure Service — Push-Lok One Fiber Braid — 
NHAMA-STD-11 Cotton Cover (Non-Hydraulic 
| nbi i Rubber Cover NHAMA-STD-10. 





Low аара Pump Inlet Line Fiber Braid ог 
With One Wire Spiral To Prevent Collapse 





— 
сл 
e 


- | fe | H 


| SAE p 
| Extreme High Pressure 
| Service — 4 heavy spiral | 
| МОЩИ rubbe rubber cover SAE 100 R12 4000 4000 oe | 
= _ E | | 


| 
| 
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flow capacity of Parker hose assemblies 


at 
various flow velocities I 
(Ordinary Hydraulic Oil, 200°F and less) | 


HOSE DASH SIZES 


Series 20-29, | All Others 
86, 90 


40 
32 
32 2 
24 
24 
20 
20 3 
16 
16 4 
12 
5 
12 10 
| 6 
10 8 Maximum for 
Intake Line 7 
8 8 
1 
6 0 
9 4 
Maximum for N ы Сю. 
4 3 Pressure Line 4 p TER p р, 
t ih т, А 
SADI R > NF ip iai 
30 АКА, 8 вола 


Velocity in Feet 
per Second 
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NOTE: This is a conventional substitute for cal- 
culation of energy losses. For pressure 
drop calculation, see the following pages. 


table j (c-2) 


j (c-3) 
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hose pressure drop 


Pressure drop in fluid lines is one of the easier 
forms of energy loss to calculate with reasonable 
accuracy, provided the necessary parameters are at 
hand. The method and values presented below 
come from over one thousand actual laboratory 
test points, although they also have been found to 
agree closely with the D'Arcy and Fanning 
formulas. 


For Number 10 Oil at 180? Е. 

AP 
1) APA, = (L + .55 nB) AL + АРЕ 
For Other Fluids and/or Temperature. 
2) AP = K x (AP,,) where, 


3) К = 725 SG-78 


Note: The acutual “Number 10” ой tested was 
Texaco A (R and O), assumed typical of the lighter 
hydraulic oils. 


illustration j (c-1) 


How to Use Formula (1) 

L = length of hose between hose fittings, in ft. 

nB = number of bends between 45? and 180°. 

Ignore bends appreciably less than 45°, but deter- 

mine the number of bends rather than their exact 

measurement. Note that nB is multiplied by .55 to 
convert to equivalent length in feet. 

AP = pressure drop (psi) per foot of hose 

AT, (graph I), multiply by the sum L 
and .55 of nB. 

AP. = pressure drop (psi) of hose fittings 
(regular fittings), or (Mandrel- 
assembled fittings with oversized bore.) 
(Graph II or III). 

summation gives total pressure drop from hose 

diameter and lengths, bends, and hose fittings, 

No. 10 oil at 1809 F. 


How to Use Formula (2) 

To convert a different temperature, fluid, or both, 
multiply AP by "K". This is an accurate conver- 
sion for all hydraulic lines except when they are 
abnormally large, creating laminar flow. (In this 
case, the calculated ДР will be higher than the 
true value.) 


How to Use Formula (3) 
If your fluid is not listed, calculate your own “К” 
from the formula given. 


и = absolute viscosity in centipoises 
SG = specific gravity, or density in gm per cc 
| 


Be sure that the viscosity and specific gravity are 
corrected for the actual temperature. 











ра ПИТИ 


је а Ehe 2778 рације _| чы, 
А I" prs DD ии _~ 
му | N 
[мыо E s 


6 7 89 





5 


4 


3 


зе 


2 


GRAPH IV 


HART BASED ON TEXACO A (R&O) AT 180°F. 


Ai ДА AL 


5 1B 7 891 


|| у | ДЕ А 


TWO FULL FLOW FITTINGS 





2 


(ISd) зона знпзвзна 





200 





175 


ЖШШЕ ШШ Sees 


О | 
t S (FREER) PERE 


ERU ERR EE EC и С GRE ER БН АИ ПИ И О D" SEERA 
ТЕ UR DRE RE EE UR RUE ВА 


PRESSURE DROP CONVERSION FACTORS FO 


TEMP (*F) 





table | (с-6) 





m 
О 
$ Z 
O 
I 
m 
e 






` 
x 


= 
"t | 
е 






NM 
Ц 







~ 







У, ОЛИ PN 


LLL Ка 
| ~ 
DISCERE 


S 


FLOW RATE (GPM) 


PRESSURE DROP (P S 1. PER FITTING) 


j (c-6) 


———————— 


ДА 


F4 fluid power 





GRAPH Ill 


+ 
= 


mt 
~ 


n 


EMEN 


4 
ЕТУ А БЕР ЖЕН 


ft ИГ 
Vm. ILE 


HE 
e 


/ 


al 
Ese 
ШЕ 
SE 
ms 
D 
T 







PASSE PRSE 


30 40 50 | 60 70 080 90 100 200 300 400 500 


FITTING SIZE GRAPH y 


ча 5/8 34 1 192 2 
т ллу т ГІ 


ЛЕНА ААА АА 
ZL- A у A Aes my a 











PP LLY УЕ 
HA TIAL ЛИ Г) 

/|_ ДИ Ht RS HH 
HZ |i SV AMI / НЕЕ 
ИИ, Y fo 


AME ЕГДЕ 
7 ZA ИР, Pair 









van 
РАЈЕ | 
ДАДЕ АРА ee ar oe ieee === 


Ban) ae И oth oo 
Ии ии VIA AIA TA Дт | || 


CAA AAA А 


Ш/АБЕНУ 7 
И ИРИНЕ L| 
7 ИИ И у ETH 


ИИ АЕ 2 


30 40 60 80 100 
FLOW (GALLONS РЕЯ MINUTE) 


BNE 








w 







> іл о ч очо 


PRESSURE DROP (PSI/FOOT) 


го o ~ м о ашоФ 


PRESSURE DROP (Р 5 I.) 


| | | \ design engineers handbook (5% 


ONE FOOT OF HOSE HOSE I.D. (INCHES) СВАРН | 


| "6 v4 516 ма | 332 78 1 18 14 138 1¥2 


| 5 
& 


ЕТИ Др ДДД 
шии шш шир шш! їн -OAA УЛУТ 
УТУ ТУШУ АЕ НЕ А ЕРУ ТА 
UU T ME fy dV EET AT. 
А ИМА HI Y YU 7 7771 
fA IY TM : 
— 177 ААА Wy yl АА 
UI уу TLL ТА 
ЕЛИ AI. PC Sg 
VL EU V DUM дан 
ДИ ПА АЛА ЛИИ ИЛИ y 
ПАР И И И ШЕН 
ИГД А 711 77 1 


НА 
M MW ИГЛА 
Ty ү] НИ M M AU LM | 


TU I ПИ КП 


5 6 7.891 67 8910 1 30 40 50 60 708090 100 200 300 400 500 
| FLOW кесен 


TWO To lis N FITTINGS Нам 10. (INCHES) | GRAPH || 
194 2 


34 
р 7111117 Е ЕЕ 


1 
— БОРАЦ / „ДА 
AHAA —— 3733-784 A АА 
БИПМ ЕЕ SEN ПТИ 


Pet ШЕ ЕШ i eI ИН 
FH УИ АНА УУ У 
LLLI | | да И || (АП ДА 7/1 
HAL ft TAT у 7А 

TY И И, 
И ooo ane d 1. 


/ Г ЛИШ 
ИА 


142 
Г l4 


N 

Mun 
«ШШ 
“<< 
т 
=“ 
E 


Cc чо ш 
| 
каш | 
| 
һ | 
connectors 


ғ 


im 
| ни 
THAT LA ЕЕ 
ва TEM EXAM | 
| АРА УТ EE 


РА А UL E УТИ E 
ПИРИ И ИИ | 


5 6 7891 60 70 80 9 300 400 500 
FLOW RATE Жер 





j (c-5) 


design engineers handbook (23) 


hose selection considerations 


e Line Size 

e System Pressure 

e Surge Pressure Peaks 

e Temperature Range — Internal & Ambient 

e Fluid Effect on Hose Material 

e Service Life 

e Cost 

е Availability 

е Installation 
Stationary - Moving (flexing) - Bend radius - 
Routing - Amount of Slack - Use of Angle 
Adaptors and End Fittings - Use of Straight 
Thread Fittings - Use of Hose Supports - 
Control of Twisting - Control of Abrasion 

* Ease of Maintenance 
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Ambient Temperatures 
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illustration j |с-3) 


Very high or low ambient (outside of hose) tem- 
peratures will affect cover and reinforcement 
materials, thus influencing the life of the hose. 
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Bend Radius 

Recommended minimum bend radius is based on 
maximum operating pressures with moderate 
flexing of the hose. Safe operating pressure 
decreases when bend radius is reduced below the 
recommended minimum. 


Burst Pressure 

These are test values only and apply to hose 
assemblies that have not been used and have been 
assembled for less than one month. 


Chemical Resistance 
Consider chemical resistance of hose cover and 
tube stock. 


Electrical Conductivity 

Hose is available for electrically conductive 
applications. Hose is also available for non-con- 
ductive applications. Each must be specified. 


Line Size (See pages on line sizes and pressure 


drop.) 


Undersized pressure lines produce excessive pres- 
sure drop which results in energy loss and 
heating. 


Undersize suction lines can cause cavitation at the 
pump inlet. 


Flow rates desired and operating pressures estab- 
lish required hose size. Required size of hose 
depends on volume and velocity of fluid flow. If 
fluid velocity is too high, much of the energy is 
lost in the form of heat. If hose must be a different 
size from the accessory ports, jump size adapters 
should be used. 


Operating Pressure 

Hose lines are rated for continuous operation at 
the maximum operating pressures specified for 
the hose. Generally, the operating pressure is one 
fourth the hose minimum burst pressure. Never 
exceed the hose maximum operating pressure. 


Operating Temperatures 

Operating temperatures specified refer to the max- 
imum temperature of the fluid being conveyed. 
Continuous operation at or near maximum rated 
temperatures will materially reduce the service 
life of the hose. Engineering data concerning criti- 
cal temperature requirement is available upon 
request from the manufacturer. 
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hose selection considerations continued 


Pressure Surges 

Many hydraulic systems develop pressure sh 
which exceed relief valve settings and affect t 
service life all system components. In уе 
where shocks are severe, select a hose of higher 
working pressure. 





Spring Guards 

Spring guards prolong the life of hose lines that 
are exposed to sharp and abrasive m penas They illustration | (c-4) 
distribute bending radii to avoid sharp kinks in 

hose lines at juncture of couplings and protect the 

hose from excessive wear and deep cuts. 


notes 


j (c-8) 
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Hose Application Considerations 


1. Hose should be routed to flex in a single plane. 
If it must be routed through a compound bend it 
should be divided into two or more bends by 
clamping to permit each to flex in a single plane. 


2. Clamps should also be used to prevent hose 
cover abrasion. Abrasion may occur when two 
hose lines cross, or when a hose line rubs against a 
fixed point. 


3. Sometimes when hose is looped or routed out- 
side the contour of the machine it is used as a 
convenient hand hold or step which leads to pre- 
mature hose failure. 


4. When a hose is used above its rated working 
pressure it reduces service life and increases the 
customer costs by increasing down time and 
requiring unnecessary replacement. It will also 
cause accidents, unless special precautions are 
taken. 


5. Tension on hose during pressure applications 
will cause fitting blowoffs. The hose should be the 
proper length. 


6. Protective spring guards should be used when- 
ever a hose is exposed to sharp or abrasive 
materials. 


pressure effects 


When flexible hose is subjected to pressure it may 
change its length as much as + 210 — 4%. Installa- 
tion of lines should compensate for shortening 
effects by bending the hose or leaving slack in 
straight runs. 


NOTE: High pressure gaseous systems are very 
hazardous. Hose lines should be adequately pro- 
tected from external shock and mechanical or 
chemical damage. They should also be suitably 
protected to prevent whiplash action in the event 
of failure for any reason. Cover should be pin- 
pricked for any gaseous service except ordinary 
shop air. 


swivel adapters 


e [ncrease Hose Life 
e Cut Hose Costs 
• Use Parker Swivel Adapters 


Parker Swivel adapters feature 360° swiveling 
action that especially suits them for use in applica- 
tions where hose moves, bends or twists. Swivel 





illustration 7 [c-6] 


adapters connected to hose assemblies relieve 
twisting, prevent excessive flexing of hose, and 
eliminate need for long radius bends. 


RESULTS: Longer hose life and reduced equip- 
ment "downtime". 


Engineered to operate at pressures up to 3000 p.s.i. 
for all sizes, the Parker Swivel Adapters can be 
used with hoses rated up to and including 3000 
p.s.i. working pressures. 


hose failure 


Twisting is one of the primary causes for hose 
failure. A 7? twist in a large diameter, flexing hose 
can reduce service life by as much as 9096. 


Consideration in routing and installation helps 
insure efficient system operation and reduces field 
problems. 


vacuum requirements 


1. Maximum negative pressures shown for hoses 
— 16 and larger are suitable only for hose which 
has suffered no external damage or kinking. 


2. If greater negative pressures are required, an 
internal supporting coil is recommended. 


3. No vacuum recommended for multiple wire 
braid or multiple spiral wrap (4 spiral or more). 





connectors 
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m continued 


right vs. wrong 





Hose is weakened when installed in twisted position. Also, pressure Ample bend radius should be provided to avoid collapsing of line 
in twisted hose tends to loosen fitting connections. and restriction of flow. Exceeding minimum bend radius will greatly 
reduce hose assembly life. 





When hose assembly is installed in a flexing application, remember 
that metal hose fittings are not part of flexible protion. Allow ample 
free length for flexing. 


Use elbows or other adapters as necessary to eliminate excess hose 
length and to insure neater installation for easier maintenance. 


wrong 


плиниппишиппппнннниниининпниа 1 


(FATA 
Це | Па | 





Pressure can change hose length as much as + 2% or — 4%. Pravide 


slack in line to compensate for hose length changes. Avoid installing hose line close to exhaust manifold or any other hot 


section. If impossible, isolate hose with fire proof boot or other 


| О protective means. 
illustration j [c-7] 
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basic hose construction 
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illustration j (с-8) 


Most types of hose consist of three basic elements 
or parts as illustrated above. 


e Tube or Inner Lining 
eReinforcement 


1. INNER TUBE 

The tube or liner is the innermost element of the 
hose. The primary function of the tube or lining is 
to retain the material-liquids, gases, or combina- 
tion of these. The type of hose and the service to be 


e(Cover 





COMMON NAME ASTM DESIGNATION COMPOSITION GENERAL PROPERTIES 
Nitrile- 
Butadiene 


e arwer 14 


illustration j (c-9] 


encountered determines the materials used and 
the thickness of the inner tube. This tube must also 
be compatible with various methods of attaching 
hose end fittings. 


These materials are compounded to operate in 
various temperature ranges where elevated tem- 
peratures or low temperatures are required, in 
addition to being resistant to the various materials 
to be conveyed. The materials most commonly 
used in inner tube construction are; 





Excellent oil resistance 
Good resistance to aromatics 
Good physical properties 


Very good weathering resistance 
Good oil resistance 
Good physical properties 































Copolymer of , а 
ethylene- EPR. EPDM Ethylene, Excellent weathering resistance 
propylene propylene Resistance to certain fluids 







Fair physical properties 





and (sometimes) 
another. 





Excellent high temperature resistance 
Excellent chemical compatibility 
Low moisture absorption 


Tetrafluoro- 
Ethylene 








- |“ f 





table } (c-7) 


NOTE: For selection of recommended materials 
see Compatibility Chart in this Hand Book. 


2. REINFORCEMENT 

The reinforcement is the fabric, cord, or metal 
elements built into the body of the hose for pur 
poses of strength, to withstand internal pressure or 
external forces or a combination of both. 


The materials most commonly used as reinforce- 
ment are textile yarns, synthetic yarns, textile 
fabrics, and wire. The yarn may be cotton, rayon, 
nylon, dacron, glass or similar materials. The wire 
may be steel, stainless steel, bronze, aluminum, or 
other metal. The type and number of layers or 
reinforcing materials used depends upon the 





Excellent weather resistance 


Good chemical resistance 
Qutstanding temperature range 
Excellent weather resistance 






41 P согота © «ate 


methods dfd&aiefattüre: апа the service. condi-, 


tions of the hose. SADDAR КАКАСИ; 


3. COVER 

The cover is the outermost element of the hose and 
its primary function is to provide protection 
against damage to the tube and reinforcement. 
The cover materials are selected to provide 
resistance to abrasion, sunlight, hot and cold tem- 
perature conditions, and to protect the hose from 
the various oils, solvents, acids, gasoline and 
other substances encountered in service. 


Neoprene, synthetic fabrics, nylon, urethane, and 
other elastomeric materials are commonly used for 
hose covers. 







ТОМЫ” ENTERPRISES 4 уз 
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pressure 


Most types of hose are designed and constructed 
to meet established pressure rating standards, or 
to meet a working pressure determined by the 


hose manufacturer. 


Pressure ratings of hose are normally divided into 
three classifications as follows: 


A. Burst Pressure - The burst pressure rating of a 
hose is a test pressure value only that can be 
applied to hose assemblies once. Burst pressure is 
the pressure at which actual rupture of the hose 
occurs. The minimum burst pressure rating of a 
hose assembly is determined from actual bursts of 
a large number of samples, and normally, the min- 

imum burst rating is approximately 9096 of the 
actual burst obtained from wire reinforced hose. 


B. Proof Pressure — The proof pressure rating of a 
hose is a test pressure value only and is normally 
50% of the minimum burst pressure rating which 
is applied to a hose assembly for 


C. Work Pressure — The working pressure rating 
of a hose is the actual maximum working or oper- 
ating pressure and provides a four to one safety 
factor i in relation to the minimum burst pressure 
rating of the hose. 


Do not use hose above its maximum rated working 
pressure. When a hose is used at a hydraulic sys- 
tem pressure that exceeds the rated working pres- 
sure|of the hose, a shortened service life and 
premature failure in the form of either a hose rup- 
ture or fitting blow-off will occur. It increases the 
user costs by increasing the frequency of replace- 
ment and downtime. 


Almost all hydraulic systems encounter pressure 
surges and shocks. When these pressure surges 
exceed the relief valve settings, the service life 
of the host is affected and when severe surge pres- 
sures exist, a higher pressure rated;hose should 
be used. 


temperature 


Both the operating temperature and ambient tem- 
perature conditions can affect the service life of a 
hose assembly. Consideration must be given to the 
temperature range rating of the hose and to the 
installation and routing location of the hose. 





Hose Performance Ratings 


A. Operating Temperature - Operating tem- 
peratures specified for each hose refer to the mini- 
mum and maximum temperature of the fluid 
conveyed. Most hoses are rated to operate in a 
temperature range from — 40°F to + 2009F. Hose 
is not damaged by mere exposure to temperatures 
below minimum but will crack if pressurized or 
bent. Continuous operations at or above the max- 
imum rated temperatures will materially reduce 
the service life of the hose. Hoses with high tem- 
perature rubber tubes are available with a tem- 
perature range up to + 300°F. Temperatures up to 
+ 450°F can be handled by Teflon hose. For tem- 
peratures higher than + 450?F metal tubing must 
be used. 


B. Ambient Temperature - The temperature ofthe 
surroundings is generally of importance only as it 
affects the internal temperature. Exceptions OCCUT 
at both extremes. Hose may be temporarily em- 
brittled by exposure to ambient temperatures of 
several hundred degrees, or from routing past 
manifolds and other hot spots. Heat embrittlement 
from the outside may occur. The hose must be 
rerouted or shielded to prevent this condition. 


я «Така 
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illustration j [c-10] 


Minimum Bend Radius 


АП hose normally has a recommended minimum 
bend radius established and this radius is based 
on the hose construction, size, and pressure classi- 
fication of the hose. It is measured to the inside of 
the curvature and is specified for non-flexing 
applications at the rated working pressure of 
the hose. 


On hose installations where flexing occurs, the 
bend radius must be increased to avoid overstress- 
ing the hose and to prevent any tendency to kink 
or flatten. 


NOTE: Refer to Parker hose catalog data for the 
recommended minimum bend radius established 
for each specific hose size and construction. 
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hose fitting types 


Hose fittings are classified by the method used to 
attach them to the hose. There are two basic types, 
permanently attached and reusable. Both have the 
same components, a nipple and a socket with the 
hose clamped between them. 


reusable 


Reusable fittings are normally designed to be 
screwed or clamped to the hose ends and can be 
removed from a worn hose and reassembled to a 
replacement hose. 


Three commonly used types of reusable hydraulic 
hose fittings are shown below. 








ШШЩ == 


Reusable, Screwed, Skive 






Reusable, Clamped 
illustration j (c-11) 


The Skive Type fitting is a screw-on design for use 
on hoses with a thick outer cover and this cover 
must be removed (skived) from the ends of the 
hose prior to installing this type of fitting. 


The No-Skive Type fitting is a screw-on design for 
use on hose with a thinner outer cover than the 
Skive type, but still thick enough to provide ade- 
quate protection for the reinforcement. The hose 


cover does not require removal and provides a 
supporting cushion of rubber to reduce stress con- 
centration and fills the voids in the gripper thread 
of the fitting to protect the hose wire reinforcement 
from moisture and corrision. 


The Clamp Type fitting is designed with a barbed 
nipple which is inserted directly into the hose and 
two clamp halves are then assembled with bolts 
and nuts on the outside of the hose, and the halves 
are then bolted together to provide a positive, leak- 
proof grip. 





Swaged or Crimped 


illustration j (c-12) 


Permanent attached type fittings are generally of a 
one-piece design and the hose is inserted directly 
into the fitting between the nipple and the socket 
and the socket is then either swaged or crimped to 
hold the hose in a vise-like grip. The barbs on the 
o.d. of the nipple provide additional holding 
power by being forced into the i.d. of the hose 
inner tube. 


ЛС 37° Swivel 


SAE 45° Swivel 





illustration j (c-13) Male Pipe 
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notes 
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connectors 








quick couplings 
1 
coupling seal material selection ..... j (6-2) Е 
quick couplings ..................... j (b-3) 
single shut-off ...................... j (b-3) 
double shut-off ..................... j (b-3) 
straight-thru ....................... j (b-3) 
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fluid р ower | | 
thermoplastic tubing 


j (9-2) 


fast & tite clear vinyl tubing 
instrument grade 





illustration j {9-1} 


Formula PV-1 FAST & TITE clear vinyl tubing 
meels all F.D.A. specifications for use in trans- 
mitting fluids for human consumption. It will 
not impart odor or taste to materials handled 
and can be steam-cleaned. 


Formula PV-2 FAST & TITE clear vinyl tubing 
is for general industrial and chemical appli- 
cations. 


All Parker FAST & TITE plastic fittings are 
desi gned for use with clear vinyl tubing. A 
"tube support" is recommended | when using 
FAST & TITE fittings. 





fast & tite polyethylene tubing 
instrument grade 





illustration j (9-2} 


Black (ЕВ) tubing contains an ultraviolet in- 
hibitor which is recommended for use in sun- 
lit areas. Ingredients of natural color tubing 
listed below meet F.D.A. specification for use 
in transmitting fluids for human consumption. 
All tubing conforms to ASTM standards. 








FORMULA PV-1 

















Nominal Average Working 
Parker Tube Tube Май Ргаззига Reel 
Tubing 0.0. 1.0, Thickness at 73" F Length 
Number Color [in.) Џи.) lin.) ipsi} tft.) 
Se ee tud [ 
“Е43 Natural 
EB43 Black 1/4 .170 _.040 120 16 1000 
E53 Natural 
EB53 Black 5/16 187 062 500 
E64 Natural 
 EB64 Black 3/8 .2bO .062 | 125 500 
E86 Natural 
ЕВ86 Black 1/2 .375 062 250 
E108 Natural 5/8 500 062 Ки 
Сојог Coded Tubing i 
F43-R Red 1/4 .170 .040 120 500 
усу 2. NOTE: These colors also available in size 
E43-G Green 
E43-Bl Blue 
table j (9-3) 


NOTE: Parker Brass "Dubl-Barb" and“Poly-Tite” 
fittings are also suitable for use with clear vinyl 
and polyethylene tubing. 


NOTE: Polyethylene is not recommended for 
beverage tubing. 
































igh Tbe" Tabe Кси Peme (ош, 
Number Color йа.) lint lin | ipsi} (d 
PV42-1 Clear 1/4 125 062 65 50 
PV4B-1 Clear  1/A 170 00 55 50 
PV58-1 Clear 5/18 187 062 55 50 
"PV64-1 Clear  3/8 | 250 02 55 50 
PV86-] Се 1/2 35 062 45 50 
зРУ108-1 Clear 5/8 500  .062 30 50 
M i (d-1) 

ab] о Фок EL M om 

| | | da 2 ч! 
Number Color lin.) fin.) lin. (psi) (ft) 
PV42-2 Clear 1/4 125 062 65 50 
PV43-2 Clear 1/4 170 0040 55 50 
PVB32 Clear 5/16  .187 06 56 50 
PV84-2 Clear 3/8 250 062 55 50 
PV86-2 Clear 12 375 062 45 50. 
*PV1082 Clear 5/8 500 062 30 50 
ta ble j (9-2) 
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how to measure fast-stor 


FAST-STOR MEASUREMENT CHART 








Counting coils to determine custom length NET EXTENDED NUMBER ОЕ COILS NEEDED TO OBTAIN 
LENGTH REQUIRED REQUIRED NET EXTENDED LENGTH + 3% 
т Step1 — 5/16" O.D. 1/2" O.D. 5/8" O.D. 
Position bulk length coils Ft Fast-Stor Fast-Stor Fast-Stor 
"mas мА DU CUN 3 3-1/2 coils 2-1/4 coils 1-5/8 coils 
in 12:00 o'clock position. | 60 | 5-3/4 сой 3-7/8 coils 2-5/8 coils 
7 | 84 | 8-1/8 coils 5-3/8 coils 3-3/4 coils 
и а 10 | 120 | 11-1/2 coils 7-5/8 coils 5-3/8 coils 
zu S OIL: 12 | 144 | 1327/8 coils 9-1/8 coils 6-1/2 coils 
А coil 4 ь % coil ETC. 15 | 180 | 17-3/8 coils 8 сой 
16 | 192 | 18-1/2coils | 12-1/4 coils 8-5/8 coils 
GUIDE TO 17 19-5/8 coils 9-1/8 coils 
% coil P AR 7 ені 18 216 20-3/4 coils 13-3/4 coils 9-5/8 coils 
OF COILS 19 228 | 22 coils | 14-1/2coils 10-1/4 coils 
20 | 240 | 23-1/8 coils 15-1/4 coils 10-3/4 coils 
v 4 
% coil * coil 25 28-7/8 coils | 19 coils | 13-1/2 coils 
n 30 360 | 34-5/8 coils | 22-7/8 coils 16-1/8 coils 
f 33 396 38-1/8 coils 25-1/4 coils 17-3/4 coils 
| Е 
| 50 | 600 | 57-3/4coils | 38-1/8coils | 27-7/8 coils 


table | (4-4) 


notes 


Alternate Method of Measurement: 

Bulk retracted lengths of Fast-Stor are ex- 
actly 100' long. Measuring the tightly retracted 
length in inches and dividing by 4 produces 
4 exact 25' lenths of tubing. 


STEPS TO ASSEMBLE 


| PRESS TUBE SUPPORT INTO TUBE 


со | ООО 


2. SLIDE SPRING GUARD OVER TUBING 








EET 


| 
3. LOOSEN NUT ONE TURN 
INSERT TUBING TO FITTING STOP 
TIGHTEN NUT ONE — TWO TURNS 
AFTER FINGER TIGHT 
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illustration j (9-4) 
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illustration | (4-5) 


fast assembly 


Fast & Tite 
Fittings 
Information 
It is not generally necessary 
to disassemble fitting to 
connect fitting to tube 
except when clear vinyl 
application requires a tube 
support. Just follow these 
instructions : 

illustration | (d-6) 





Cut tube end at right angle 
for a "square" end. Metal 

or glass tubing should be 
de-burred to prevent 'O' ring 
damage and to promote ease 
of assembly! 


NUT "о" RING 


TUBING 





illusiration j (d-7) 


Fast and Tite Nylon and Polypropylene oe 
are approved by the National Sanitation Foun- 
dation, Standard 24, Approval #8047, for Mo- 
bile Home and Recreational Vehicle hot and 
cold water plumbing, pressure and non-pres- 
sure service. 








illustration } (d-8] 





Loosen nut on fitting until 
about three threads are visible. 
Moisten end of tubing with 
water, or other suitable 
lubricant. 








Insert tube straight into fitting 
until tube bottoms on fitting 
shoulder. Tighten nut by hand. 
Additional tightening should 





not be necessary, but % turn 
with wrench may be added 
if desired. 


Working Pressures for Fast & Tite Fittings 
Air-Oil-Water Pressure in PSI 


Tube 0.0.(in.} Up to 75°F |76°Е to 125 | 126 Е to 175 Е 
sw | x | 39 | 
пою | за 
va | 3 | 
sig | 19 | 10 | 

table | (9-5) 


Ratings are based on use with copper tubing, 
and in all cases represent the maximum re- 
commended working pressure of the fitting 
only. Working pressures (vs. temperatures) of 
other types of tubing may limit the tube and 
fitting assembly to pressures lower than shown 
above. Consult factory for recommendations 
on applications other than shown above. 


Fast & Tite Fittings Information 
FAST & TITE fittings work with the following 
tubing: 


1. Copper 2. Brass 3. Steel 4. Stainless Steel* 
5. Glass* 6. Plastic 7. Aluminum 


FAST & TITE is the only fitting available com- 
bining a stainless steel gripping ring with an 
O-ring seal. This unique combination is pat- 
ented by Parker Hannifin. 


*Working pressure dependent upon fitting grip 
allowed by tubing hardness. 





connectors 


tube fittings 


tables and graphs ................... j (e-2) 

tubing selection ..................... j (e-10) 
tube fitting selection ................ j (e-14) 
tubing ҮЛҮЛ Л ee par qe j (e-17) 
37° flared fittings ................... j (e-19) 
bite-type flareless fittings ........... j (e-20) 
flareless instrumentation fittings .... j(e-21) 
installing connectors and tubing ..... j (e-22) 
installation equipment table ......... j (e-23) 
tube fitting troubleshooting ......... j (e-24) 
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tables & graphs 


type 304 stainless steel seamless pipe aluminum pipe 


Iron Pipe | Outside Inside Wall Pounds Outside Inside Wall Pounds 
Size, In. Diameter | Diameter | Thickne Per Foo Diameter | Diameter | Thickness Per Foot 


SCHEDULE 5 





1.660 1.530 -065 -383 
1.900 1.770 -065 -441 
2.375 2.245 -065 „555 


SCHEDULE 80 SCHEDULE 80 (Extra Heavy) 
1.315 .957 .179 .751 
1.900 1.500 .200 1.256 
2.375 1.939 .218 1.737 


Е EXTRA HEAVY PIPE | 


Outside Wall | Iron Pipe Outside Wall 
Diameter, Thickness, Si Diameter, Thick ness, 
Inch | Inch Inch Inch 


COPPER PIPE 


062 
-082 
.090 


table } (e-4] 


| steel pipe 
WEIGHT CLASSIFICATION 


| table j (е-5) Е 
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tables & graphs continued 


flow vs. velocity vs. tubing I.D. 


FLOW (gpm) 
4,000.0 


3,000.0 


TUBING ID (п.) 


MAXIMUM VELOCITY 
INDUSTRIAL HYDRAULIC 
SYSTEMS-. 
INTERMITTENT DUTY 


2,000.0 


PUMP INLETS 


E | | 
IDEAL VELOCITY 


sen ы —_— 2 ги 2:90 
800.0 ТРЕЕ 1-1 MAXIMUM VELOCITY - Гут] 20 '80 
о и t а = —I-LEEH МЕ) 
a Е en шаш А РИЙ! 
s000 L| ү EREE 742444150 
ОТ MAXIMUM VELOCITY АКИ! 
400.0 INDUSTRIAL HYDRAULIC ^ РУ 70 
s _ | RETURN LINES 2% Қ 
| ИШ ДАТИ о 
MAXIMUM VELOCITY A .95 

200.0 INDUSTRIAL HYDRAULIC 7r 90 
; 80 

Дек 

Ж о és 

нин ана ЕН a 
aes ae ee Я 
122] 


N | NIS N 
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The graph shows relationship among flow, velocity and tub- 
ing ID for hydraulic circuits along with maximum recommend- 
ed velocity for various systems. To determine correct tubing 
ID, project horizontal line from flow value and vertical line 
graph j (е-1) 


from velocity value. At intersection, follow diagonal upward 
and to the right to determine tubing ID. И answer falls between 
two sizes, normally the larger size would be used since it 
would produce a lower velocity. 


1 (e-3) 


| 
fluid power 


tables & graphs continued 


recommended *min./max." tube wall thickness 


for common fitting types 
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1 (e-4) 
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" ANNEALED LOW CARBON STEEL TUBING — (BASED ON 47,500 Р.5.1. TENSILE STRENGTH - S.A.E. STD. J 525) 


WORKING PRESSURE 
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j (e-10) 


recommended wall thickness 
of tubing for various pressures and 
types of service 


Working pressure of the system 1$ a factor in 
determining material and wall) thickness of 
tubing to be used. 


The softer materials of copper апа pons 
(with sufficient wall thickness] are adequate 
for| lower operating pressures. For higher 
pressures, the strength of steel may be needed 
and even stainless steel may be required. 


Paragraph H4.1.6.2 of the ].1.С. Hydraulic 
Standards (established by the Joint Industry 
Conference for Hydraulic Equipment) specifies 
{Һан "S.A.E. 1010, conforming to standards; 
SAE J524, SAE J525, and SAE ]356; dead soft, 
cold drawn seamless steel tubing or equiva- 
lent and steel fittings shall be used.” 


In jaddition to working pressure, considera- 
tion should be given to mechanical strain and 
service abuse when determining wall thickness. 
Mechanical strains include vibration, relative 
motion of connected parts, weight of external 
contracting parts or unsupported fixtures in 
the tube line which tend to stretch, bend, 
shorten or twist the tube. Service abuse in- 
volves carelessness of workmen and general 
rough wear that can be expected, in heavy me- 
chanical and process machinery and mobile 
equipment. 


Consequently, the following graphs, by using 
three different design factors, indicate three 
grades of severity of service: 


"A" — mechanical and hydraulic shocks not 
excessive 

“В” — considerable hydraulic shock and me- 
chanical strain 

“С” — hazardous applications with severe 
service conditions 


То use the tables, simply locate the system 
working pressure in the appropriate grade 
of service column (“А”, "B", or “С”) and fol- 
low the horizontal line to the right until it 
intersects the curved diagonal line which| re- 
presents the tube O.D. size being used. From 
this point project down vertically to the bot- 
tom of the chart to determine minimum table 
wall thickness required for the intended ser- 
vice. If this projected point lies between two 
of the standard wall gauge thicknesses shown, 
then the heavier of the two should be selected. 


Examples: Suppose you want to determine re- 
commended wall thickness for 3/4" O.D. steel 
tubing to be used in a system with 2000 PSI 


working pressure leaving considerable hy- 
draulic shock and mechanical strain which in- 
dicates "B" grade service (safety factor 6). 


First, locate the horizontal line representing 
2000 PSI in the "B" service column of graph 
j (e-4) and follow this line to the point of 
intersection with the diagonal curved line 
marked 3/4". When you project from this 
point to the base line you find that tube wall 
thickness requirement lies between .083 and 
.095. Preference should be for the .095 wall 
thickness. 


Similarly, to determine wall thickness for 1/2" 
O.D. copper tubing for a system with 2000 PSI 
working pressure and only moderate hydraulic 
shock and mechanical strain you locate 2000 
PSI in the "A" service column of graph 
j (e-6) follow the horizontal line to the point 
of intersection with the diagonal curve marked 
1/27" and project down to the base line to 
find tube wall thickness requirement to fall 
between .058 and .065. Again, the heavier 
wall, .065, is preferred. 


Reference to table j (e-6), "Recommended" 
Min./Max. "Tube Wall Thickness Range for 
Common Fitting Types" will show that for 
the 3/4" x .095 wall steel tubing, choices for 
steel fittings are triple-lok, ferulok, weldlok, 
or CPI. 


For the 1/2" x .065 copper tubing, choices 
for brass fittings are triplelok, CPI, or intru- 
lok. 


Schedule 80 
(Extra Heavy) 


Schedule 40 
(Standard) 


Q 


Schedule 160 


Double 
Extra Heavy 


FOR ANY SCHEDULE PIPE, the OD remains ‘the same, but ID 
decreases as wall thickness increases. 


illustration j (е-1) 


tubing selection continued 


Allowable working pressures for tubing were 
calculated using formula — „_ 251 

and supplemented with 00 

actual burst test data. 


Where: 
P = internal burst pressure, psig 
S = allowable stress — Ibs/sq. inch 
OD = outside diameter of tube in inches 


nominal wall thickness — inches 


selecting tubing 

This is always the first step. Tube fittings 
are designed to be used with certain types 
and size ranges of tubing. Therefore, it is 
impractical to select a fitting first and then 
expect to use it with whatever tubing the sys- 
tem may require. 


selecting materials and sizes 
In general, use — 
1. brass fittings with copper tubing 


2. steel fittings with steel tubing 


3. stainless steel fittings with stainless steel 
tubing 


4. aluminum fittings with aluminum tubing 


tube materials 

Because of the fabrication procedure normally 
employed in constructing fluid power trans- 
mission lines, minimum cold work in the tube is 
desirable regardless of the type of material 
used. Most military and industrial standards 
which describe tubing intended for power 
transmission service clearly require a capa- 
bility for satisfactory flaring and bending and 
their condition of ductility lends itself well to 
the attachment of flareless as well as flared 
tube fittings. 


Maximum hardnesses as given in such speci- 
fications are: 


copper - Rockwell F55 

aluminum - not specified - use "0" temperature 
carbon steel - Rockwell B65 

stainless steel - Rockwell B90 

Tube material specifications in common use 
are: 


copper ASTM - B 68 WW - T - 799 
ASTM - B 75 MIL-T-873 
ASTM - B 280 MIL - T - 3235 
SAE -U528 
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ASTM - B210 
ASTM - B483 
ASTM - В491 


aluminum WW - T - 700 


carbon steel SAE - V524 
SAE - V525 
SAE - V526 
SAE - М527 
SAE - V356 


(ASTM - A254 CLI) 


NOTE: All are satisfactory for use with flare- 
less fittings. J526, ]527, and J356 should 
be double flared for reliable sealing in flare 
type fittings. 


stainless ASTM - A 269 MIL-T-18063 
steel ASTM - A 249 MIL-T-8504 
ASTM - A 213 MIL-T-8506 


(austenitic only) 


See Tabulation for Specifications of Various 
Standard Tube Materials. (See page j (е-2)) 


Corrosion Conditions 
Copper tubing and brass fittings are suitable 
for water, air, and other chemically inactive 


fluids. 


Steel tubing and fittings are used for non- 
corrosive fluids such as oil. Stainless steel 
tubing and fittings will handle a great many 
highly corrosive fluids. 


Special alloy tubing and fittings, and special 
finishes if required for a specific corrosion 
condition, will be found to be available on 
special order. 


Operating Conditions 

Velocity and Flow 

The quantity of fluid that must pass through 
the line in a given period of time is a major 
determining factor in selecting inside diame- 
ter size of tubing to be used, graph j (e-2), 
is provided to indicate proper tubing size 
for known flow and velocity requirements. 


Pressures 

Operating pressure of the system is a factor 
in determining material and wall thickness of 
tubing to be used. 


In general, high pressure installations take 
steel or stainless steel tubing and fittings rather 
than heavy wall copper tubing and heavy brass 
fittings since higher tensile strength of steel 
permits thinner wall tube and lighter weight 
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tubing selection continued 


fitting without reducing ultimate strength of 
installation. Tube fittings assembly should not 
Бе | pressurized beyond the relevant recom- 
mended working pressure. 


NOTE: In determining material of tube and 
fittings on basis of strength requirements, 
mechanical strain and service abuse must be 
considered as well as bursting pressures. 


Mechanical strains are those imposed by ex- 
tera! sources which — by vibration, relative 
motion of connected parts, weight of contact- 
ing external members or weight of unsup- 
pales fixtures within the tube line — tend to 
stretch, bend, shorten or twist the tube. 


Senvice abuse refers to rough handling by 
workmen as well as wear and tear normally 
expected to occur in service, particularly in 
hedvy mechanical and process equipment. 


Where installations are subject to consider- 
able mechanical strain or service abuse, it is 
usually better to increase wall thickness rather 
than use harder materials. 


Tables incorporating factors of pressure and 
service conditons are provided to indicate se- 
lection of tubing as to material and size. 


Temperatures 

Operating temperature of system is still anoth- 
er factor to consider in determining ргарег 
material. 


Operating Conditions Summary 
Follow these steps to select proper size and 
material of tubing and fittings: 


1. Obtain necessary information; 


a. Flow in gallons per minute 
b. Operating pressure of system 
. Operating temperature of system 


C 
| | 

4. Use Flow- Velocity graph j (e-2), to deter- 

mine tube inside diameter which will provide 

proper flow without excessive velocity. 


3. Use Pressure graphs j (e-3, e-4, e-5, e-6), 
choosing А, В ог C tables depending on ser- 
vice conditions to determine proper wall thick- 
ness for working pressure. 


4. If operating temperature is higher than 
room themperature, determine possible cor- 
rection of previously selected tube wall thick- 
ness and material. 


5. Check results by referring again to Flow- 
ocity graph j (e-2), to determine whether 


Vel 


tube outside diameter and wall thickness se- 
lected will leave adequate inside diameter to 
provide sufficient flow without ever exceeding 
maximum velocity line shown on table. If ne- 
cessary to adjust, refigure using larger or 
smaller outside diameter as circumstances 
dictate. 


NOTE: All tubing outside diameter sizes are 
shown in 1/16” — for instance: size 4 tubing 
15 4/16” or 1/4” O.D., size 8 tubing is 8/16” 
or 1/2” O.D., etc. Fitting sizes adhere to same 
numbering system. Size 4 fitting is used with 
size 4 tubing, etc. 


tube size selection 
by velocity vs. flow 


Hydraulic flow involves the volume or quantity 
of fluid that is required to be pumped through 
the line to operate the actuating mechanism 
within the prescribed time cycle. Flow i is meas- 
ured in G.P.M. (gallons per minute). 


Velocity involves the rate or speed at which the 
fluid passes through the line and is measured 
in FT./SEC. (feet per second). Obviously, a giv- 
en flow of a certain number of gallons per 
minute will move through a large line at a slower 
rate than through a small line. In other words, 
velocity increases as the inside diameter of the 
tube decreases. 


Shock pressures are undesirable effects because 
they impair the efficiency of the system. 


Consequently, the velocity vs. flow require- 
ments are a determining factor in the selection 
of tubing with respect to inside diameter as the 
tube should have sufficient capacity to carry 
the required flow at a velocity that is not too 
high. 


The Velocity vs. Flow Graph, graph j (e-1), 
indicates the velocity in feet per second for 
various flows in gallons per minute within var- 
ious inside diameters of tubing. The inside 
diameter determines the tube's capacity. (Out- 
side diameter minus twice the wall thickness 
equals inside diameter.) 


Conversely, the table indicates the tube inside 
diameter when velocity and flow are known, or the 
resulting flow when tube inside diameter and 
velocity are known. Following are examples of 
how to use the table. 


Problem No. 1. Find permissible flow in GPM 
for a velocity of 18 ft./sec. in a .370 1.0. tube. 





tubing selection continued 


First project 18 ft./sec. point on velocity scale 
vertically until it intersects diagonal line re- 
presenting .370 LD. tube. Then project in- 
tersecting point horizontally to flow scale and 
read 6 GPM as permissible flow. 


Problem No. 2. Find permissible tube inside 
diameter for a velocity of 15 ft./sec. and a de- 
sired flow of 12 GPM. First project 15 ft./sec. 
point on velocity scale vertically until it inter- 
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sects horizontal projection of 12 GPM point 
from flow scale. Then from this intersection 
point, follow diagonal line to read permissible 
tube I.D. of .569. 


In using graph j (e-1), if the point for inside di- 
ameter falls between two lines, normally the 
greater inside diameter would be selected 
since it would mean less velocity. 


notes 


< 
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All too often an incorrect design approach is 
used in selecting a tube fitting for use in a sys- 
tem. Unlike the selection of hydraulic hose 
where the hose itself is first selected on the basis 
of its pressure capability and service life|ex- 
peatancy, tube fittings are more often selected 
by "brand" name first and then adapted to|the 


system. 


Seldom is it feasible to use one type of tube 
fitting for all applications. Requirements vary 
froi system to system and even! sections of a 
system may require different fittings. 


Relate Hoop Strength and Deformation 
Capability of Tubing Selected 
To Fitting Limitations 


Hoop strength relates to the tube's collapse 
resistance when subjected to а uniform ex- 
ternal pressure at all points of the O.D, It 
varies, of course, with tubing material, size and 
wall thickness. Most flareless fittings exert a 
uniform stress on the tubing and, in these 
cases, the tubing must have an adequate hoop 
strength to withstand this stress. In the area 
of deformation capability, on the other hand, 
some fittings, such as the flared fitting, re- 
quire the tubing to be deformed somewhat in 
order for the fitting to work properly. 


An example of these relationships is shown in 
table j (e-6), “Recommended 'min./max.' Tube 
Wall Thickness Range for Common Fit- 
ting Types" which illustrates that at least 
two types of fittings can be used with 3/4" Q.D. 
steel tubing. 


To use a flared fitting, the tubing must be ductile 
enough to permit the tube flaring operation. For 
our 3/4" O.D. steel tube example, the normal wall 
thickness range is from .035 to .109. 


With a bite type flareless hydraulic fitting, the 
tubing must be strong enough to withstand 
the high compression force exerted by the fit- 
ting biting into the tube O.D. Here, the accept- 
able wall thickness range for the 3/4" OLD. 
example, is from .065" to .120". 


It follows then, that if a 3/4" steel tubing is 
selected, only a flared fitting should be used if 
the wall thickness 1$ .058 or under and only a bite 
type flareless fitting should be used if the wall 
thickness is .109" or heavier. Between .035” 
and .065”, the flared type can be used. In the range 
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In order to select the best possible fitting for 
any specific application, one must first deter- 
mine all the parameters of the system or system 
section plus any peripheral considerations... 
type of fluid, pressure, vibration, shock, leak- 
age limitation, environment, experience of 
workmen, working conditons, etc. Then these 
factors must be fed into some kind of organ- 
ized selection procedure that eliminates un- 
suitable fittings and compares the possible 
trade-offs of the remaining fittings. The fol- 
lowing step-by-step selection procedure has 
been found to be very successful. 


between .065” and .083", all two types can be used. 
In actual practice, of course, more than two types 
of fittings might be considered. 


This analysis of the tubing-fitting relationship 
is most valuable, because in one step you 
quickly eliminate the unsuitable fittings and re- 
duce the choice to just a few possibilities. These 
remaining fittings can then be subjected to the 
following selection steps. 





Triple-Lok Tee 


illustration j (е-3) 


Analyze Holding and Sealing Requirements 
All tube fittings perform the functions of both 
holding and sealing, but some fittings perform 
one function better than the other. Correspond- 
ingly, all applications require both the holding 
and sealing functions, but, again, on some appli- 
cations one function is more important or 
difficult to achieve than the other function. 
There are three basic possibilities: 


e Difficult to hold — easy to seal 
e Difficult to seal — easy to hold 
e Difficult to both hold and seal 





tube fitting selection continued 


Mechanical holding power, or the ability to 
mechanically restrain the tube against pressure 
blow-out, is a function of a ratio of system 
pressure and the cross sectional area of the 
tube plus a safety factor. For example, a 1/4" 
OD tube has a cross sectional area of 0.0491 
іп2. When exposed to a pressure of 1000 psi, 
the fitting must grip the tube with enough 
force to resist a 50 lb. blowout force (1000 psi 
x 0.0491 in?). Using a 1" OD tube at the same 
pressure increases the blowout force to 785 
lbs. Staying with the 1/4" OD tube, but increas- 
ing pressure to 3000 psi, increases blowout 
force to 150 lbs. It is obvious, then, that as sys- 
tem pressure and/or tube size increase, the 
required fitting holding power becomes greater. 
Or, putting it another way, on applications util- 
izing low pressures and/or small tube sizes, 
the holding function of the fitting is easy to 
achieve, while on high pressure systems or 
where large tube sizes are required it is diffi- 
cult. 


Sealing capability is a function of the relation 
of the molecular structure of the contained 
fluid or media to the size of any "hole" or leak 
path at the fitting seal surfaces. 


Molecular structure relates to both molecular 
size and molecular arrangement. Leakage will 
result only when the leak path is large enough 
to permit the molecules of the fluid to pass 
through it (pressure only affects leak rate). It 
follows, that as molecular size decreases and/ 
or molecular arrangement becomes more in- 
line, the potentialleak path must be kept smaller 
to prevent leakage. The smaller the leak path re- 
quired, the tougher it is to achieve the sealing 
function at the fitting. Due to it's normal mole- 
cular size, helium gas is the most difficult media 
to seal. 


The size of a potential path is determined by 
the surface finish of the mating parts of the fit- 
ting. The smoother the surface finish, the smal- 
ler the potential leak path. However, even the 
best production surface finishes, when viewed 
under a microscope, will show a series of "hills 
and valleys" when compared to the size of the 
molecules to be contained. It is these "hills and 
valleys" that form a leak path for small mole- 
cules and must be eliminated. 


Now, going back to the three hold-seal cate- 
gories, we see that a difficult to hold-easy to 
seal application would involve containing а 
large molecule media (such as hydraulic oil) at 
a high system pressure using fairly large tub- 
ing. One of the best choices would be a flared 
fitting with its very strong holding power. If the 
tube wall was too thick for a flared type, a well 
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designed bite type flareless would work in most 
cases. For high pressures 6000 psi would be 
considered. On many applications, a permanent 
welding type fitting works best. 


A difficult to seal-easy to hold application 
would involve containing a small molecule med- 
ia (such as helium) at a low system pressure us- 
ing fairly small tubing. Most good bite type 
flareless fittings can be used on such applica- 
tions. The instrumentation type fitting, is 
particularly suited to such an application be- 
cause it seals by both a coining out of the 
"hills and valleys" plus a mild bite that pene- 
trates through the surface layer of the tube 
into the dense base metal. 


A difficult to seal-difficult to hold application 
consists of both a small molecule media and a high 
system pressure (i.e., nitrogen at 6000 psi). 
MA6000 would be recommended. 


It can be seen that this fitting selection step is 
most vital to achieving high reliability. It is 
imperative that you know the actual holding 
and sealing requirementsof your systemandthat 
you match these with a fitting that has the 
needed capabilities. Any attempt to improvise 
can only lead to trouble. 


PH Ferulok Fitting 


illustration j (е-4) 


Other System Parameters 

By the time you reach this step, you should 
have your selection narrowed down to one or 
two fittings that will do the job. But don't stop 
yet. It is important to verify that the selected 
fitting(s) will handle any other critical system 
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tube fitting selection continued 


parameters. These would include such things 
as shock, vibration and contaminated atmos- 
phere. An instrumentation type fitting, for ex- 
ample, will seal and hold well, but is not de- 
signed to stand up to high system shocks. Ef- 
fects of contaminated atmosphere can be al- 
leviated by proper selection of materials or 
protective coating. 


It is highly desirable to protect each compon- 
ent in a system from shock and vibration which 
might be imposed by neighboring components. 
Interconnecting fluid lines should therefore be 
rigidly supported to prevent the transmission 
of these forces. Recommended spacing be- 
tween supports on tube runs is as follows: 


TUBE O.D. APPROX. SPACING (FT) 


1/4, 5/16, 3/8, 1/2 3 
5/8, 3/4, 7/8 4 
1 5 
1-1/4, 1-1/2 7 
2 8 


Prefabricated clamping hardware such as Parker 
Multi-Clamp makes it easy to plan ànd to execute 
an effective, reliable system of support and 
isolation of extraneous forces from the fittings as 
well as the components they connect. Well 
designed hydraulic fittings provide means for 
damping vibrational forces to prevent their 
congentration in the critical clamping areas within 
the |fitting. However, the fittings themselves 
should not be relied upon as vibration dampers for 
the entire system. 


Consider Fabrication Restrictions 

The finest tube fitting coupled with the best 
designed system can provide high reliability on- 
ly і {ће fabrication work is carried out proper- 
ly. This has some bearing on fitting selection. 


For |one thing, there is the work location. If 
fabrication is to be performed in a well laid 


out shop area, then fittings requiring special 
tooling can be used without problem. On the 
other hand, if fittings must be made up in hard 
to get to spots at field locations, then fittings 
requiring only a couple of wrenches would be 
the most suitable. 


The workmen that are to fabricate the tubing 
assemblies are a factor. If, for example, you 
have selected two possible fittings and the 
workmen have had previous experience with 
one of them, then that fitting would be the 


best choice. Even the status of the job is im- 
portant. If the fitting make-up job is considered 
to be a good job and the workmen have pride 
in craftmenship, then a difficult to assem- 
ble fitting can be used. If, however, it is con- 
sidered to be a menial job, favor the foolproof 
fitting. 

Adequate training of fabrication personnel is 
vital. There are very definite fabrication proce- 
dures for every fitting and they cannot be left 
to chance. Without proper training, the fabrica- 
tion of reliable tubing assemblies is highly 
improbable. Then, too, a good training pro- 
gram more than pays for itself. The cost to 
make up assemblies is reduced because trained 
personnel can perform the work faster and more 
efficiently. 


Examine Value Factors 

Although this step is always important in the 
purchasing of any equipment or supplies, it 
should be left to last. The first objective is to 
select a fitting that will do the job properly. 
With this accomplished, one can then consider 
initial cost, availability, servicing and similar 
value factors. As always, good value analysis 
includes the consideration of long-range cost 
in addition to initial cost. 


As can be seen, this is a straight-forward, 
logical fitting selection procedure. It will 
work well for all applications. There are two 
prerequisites: 1. know your system parameters 
and 2. know your fitting capabilities and limi- 
tations. All the needed fitting data can be ob- 
tained from your fitting manufacturer. 
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tubing 


The standard fluid line systems, whether it be 
for the simple, everyday household utilities or 
for the more exacting requirements of indus- 
try, was for many years constructed from pip- 
ing of assorted materials assembled by means 
of various standard pipe fitting shapes, unions 
and nipples using the standard NPT pipe 


major advantages of tubing systems 
1. Bending Quality — Tubing has strong but 
relatively thin wall, is easy to bend. Tube fabri- 
cation is simple. 


2. Greater Strength — Tubing is relatively 
stronger. No weakened sections from reduc- 
tion of wall thickness by threading. 


illustration ј (е-6) 


With no threading necessary, tubing does пої require extra 
wall thickness. 


3. Economy of Weight — No dead weight in ex- 
tra wall thickness for threading; tube fittings, 
being smaller, weigh less; fewer tube fittings 
needed per installation. 


4. Economy of Space — Tubing, having better 
bending qualities and smaller outside diameter, 
saves space and permits working in closer 
quarters. 


5. Flexibility — Tubing, being less rigid, has 
less tendency to transmit vibration from one 
connection to another. 


6. Fewer Fittings — Tubing bends substitute 
for elbows. Fewer fittings mean fewer joints. 


7. Tighter Joints — Proper tube fittings, correct- 
ly made up, result in leak-proof systems. 


8. Lower Pressure Drop — Streamlined flow 
passage of tubing system means less turbulence 
of fluid. 


9. Better Appearance — Tubing permits smooth- 


threads. Such systems under high pressure are 
plagued with leakage problems besides being 
cumbersome, inefficient and costly to assemble 
and maintain. The trend has been away from 
the use of pipe to take advantage of these fea- 
tures of superiority offered by tubing. 


er contours, is more adaptable to space limita- 
tions. 


10. Cleaner Fabrication — No sealing com- 
pounds on tube connections, no threading; 
minimum chance of scale, metal chips, foreign 
particles in system. 


11. Easier Assembly, Disassembly — Every tube 
connection serves as a union, can be reassem- 
bled repeatedly; easy wrench action. 


12. Less Maintenance — Foregoing advantages 
of tubing and tube fittings add up to depend- 
able, trouble-free installations at a lower cost 
than pipe. 





Four joints with tubing; 11 joints with pipe. 
illustration j (e-7) 
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Old Method — Each connection threaded—requires numerous 
fittings—system not flexible or easy to install and service. 
Connections not smooth inside—pockets obstruct flow. 


Une j (e-8] 
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illustration | (е-9) 


pipe threads 
МРГЕ dryseal pipe threads were introduced to 
improve sealing. It was designed to insure that 
the| mating male and female thread roots and 
crests would contact each other before the 
threads became tightened flank to flank. This 
action closes off the spiral leak path common- 
ly found in NPT threads. This concept works 
well in ductile materials such as brass, and 
low carbon steel. Problems arose when using 
NPTF in brittle metals (cast iron, die cast alum- 
inum, and zinc) and self passivaiting metals like 
austenitic stainless steels and aluminum alloys. 
Wilh brittle materials it was at best a 
one time assembly since with no available 
spring-back, the threads could seldom re;es- 
tablish the required metal to metal seal hind 
leakage resulted. With self- passivating metals, 
thread galling became a major problem as the 
high degree of metal to metal interference 
promoted local welding or siezing. These prob- 
lems left us with a connection that in m: ny 
cadis still required some form of gasket ог 
Th а sealant. 


Th& solution to this situation was . . . The 
str tight thread port with “o” ring seal and po- 
sitionable elbow and tee fittings were intro- 
duced as even greater improvement, permitt- 
ing positive seal without fear of the damage to 
expensive components, possible in tightening a 
pipe thread joint. 
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Modern Method — Bendable tubing needs fewer fittings — 
no "threading on the job"—system light and compact— easy 
to install or service—no internal pockets or obstructions to 
free flow. 


Tubing provides simplified, free flow system. 
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Tapered pipe thread at left in cutaway boss; 
straight thread at right. 
illustration | (е-10) 
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37? flared fittings 


how they work 

The flared fitting functions by establishing one 
circular line contact between the nose of the 
fitting and the flare on the tube. The flare on 
the tube also serves as the holding power func- 
tion in that it is an enlarged section that can- 
not pass through the nut. As such the flared 
fitting functions well in high pressure systems 
because, if properly installed, it is almost blow 
out proof. 


installation 

Tube Preparation 

1. Prepare end of tube by cutting squarely, re- 
moving all burrs from OD and ID of cut tube 
edge. Also clean all dirt and grit from ID and 
OD. 


2. First place nut on tube, threaded end toward 
tube end to be flared. 


3. Then put tube fitting sleeve on tube so that 
the large collar end is toward tube end that is 
to be flared. 


4. Place tubing in flaring tool* and flare ac- 
cording to tool manufacturer's directions. 


|/ 


/ 


illustration j (e-11) 


NOTE: Be sure that 37° tool is used for 37? 
fittings and a 45? tool is used for 45? fittings. 


Hammer type, block and pin, power actuated 
flaring tools are available for flaring any wall 
tube. 


After tubing has been flared, inspect the flare 
for embedded dirt and out of round distortion. 
To gauge if tube has been flared enough, use 
of the sleeve as shown below is a handy quick 
check gauge. More complete dimensional infor- 
mation is given in the tabulation by size. 


Toe of Outside Diameter 
f Sleeve 
Sleeve ~ О —| 
“Т” Sleeve 





MINIMUM FLARE 


Outside Diameter 


of Sleeve Toe of 


Sleeve 







“T” Sleeve 


MAXIMUM. FLARE 


Diameter of maximum flare is equal to outside diameter of 
sleeve; diameter of minimum flare is equal to maximum 
inside diameter of sleeve. 


illustration j (е-12) 


NOTE: When using stainless steel fittings don't 
forget to use a thread lubrication such as a 
high pressure grease. Try ferulube, STP or 
lubriplate. 
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bite-type flareless fittings 


how they work 

The bite-type flareless hydraulic tube fitting 
was designed to work on medium to heavy 
wall tubing which was hard to flare and has 
three parts: 


Body 
Ferrule 
e Nut 


The ferrule is driven forward on the tube by 
the nut. As the ferrule moves forward it meets 
the seal seat angle of the body which causes 
the ferrule to cam inward into the tube. The 
ferrüle then bites into the tube causing a small 
ledge of tube material to be pushed up in front 
of the biting edge of the ferrule. It is this turned 
up ledge of material in front of the ferrule that 
gives the fitting its holding power (i.e., keeps 
the tube from blowing out). The bite also serves 
as the seal between the ferrule and the tube. 
There is also one more necessary seal between 
the ferrule and the seal seat angle of the fit- 
ting body. 
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illustration j (e-16] 


The make up of the fitting is critical in that the 
tube must be bottomed against the tube stop 
in the body on presetting tool during make up. 
If it is not bottomed, the tube will move for- 
ward with the ferrule and a bite will not be 
achieved. Make sure the tube is bottomed. 


A check is possible to see if the tube was bot- 
tomed during make up. To make this check 
look at the end of the tube, and notice if a cir- 
cular appearing ring has been impressed into 
the thbe end face. This impression will be caused 
by the tube stop which has a slight reverse 
angl. rather than a flat face. 


installation 

Tube Preparation 

1. Cut the tube squarely by using a tube cutter, 
hacksaw or an abrasive wheel. 


2. Fully deburr the tube end on both the ID 
and OD using a file and a hand scraper. 


3. Clean the tube taking care to remove debris 
from the inside as this could later contaminate 
the system. 

Make Up 

1. Prior to assembly, pre-lubricate the lead 
edge and back end of the ferrule with Feru- 


lube (lead base, mineral oil compound) or some 
other anti-galling composition. 


2. Place nut and ferrule on the tube and then 
introduce the tube into the body until it bot- 
toms against the tube stop. Lubricate body 
threads. 


3. While holding tube against the stop, advance 
the nut and ferrule forward and tighten finger 
tight. Note that "wiggling" the tube from side 
to side will insure that the nut is as "finger 
tight" as possible. 


4. Wrench nut 1% turns. 


NOTE: Bite type flareless hydraulic fittings in 
the smaller sizes (3/8" tube and smaller) will 
make up satisfactorily in the fitting body, but 
for the larger sizes a hardened preset tool (in 
essense a tool steel fitting body) should be 
used. For sizes 3/4" tube and larger, a hy- 
draulic presetting device should be used. Con- 
sult your manufacturer for tooling. 


5. Important — After make up—loosen nut and 
remove tube assembly. Inspect for the follow- 
ing: 


You should make sure that— 
a. A ridge of metal has been raised above 
the tube surfaces, to a height of at least 
5096 of the thickness of the ferrule's lead- 
ing edge, completely around the tube (A). 





illustration j (е-17) 


bite-type flareless fittings continued 


b. While the leading edge of the ferrule 
may be coined flat (B) there is a slight 
cow to the balance of the pilot section (C). 


c. The tail or back end of the ferrule is 
snug against the tube (D). 


d. There is a slight indentation all around 
the end of the tube (E) that indicates the 
tube was bottomed in the tool or fitting 
during presetting (unless evidence of this 
complete contact is visible the ferrule 
cannot be considered properly preset). 
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e. The ferrule may be rotated on the tube 
but should not be capable of moving back 
and forth along the tube beyond the bite 
area. And when rotated 1/2 turn there 
should never be an uneven gap between 
ferrule and bite (Stainless Steel will move 
more than steel because of it's spring back 
characteristics). 


6. Final Installation — After inspection re- 
assemble fitting to finger tight position, 
wrench until torque build up is felt, then wrench 
1/6 turn further. 


flareless instrumentation fittings 


how they work 


Users should note that most instrumentation 
fittings have a deep internal tube bore and 
therefore long tube entry. The purpose of thislong 
tube entry is to insure proper tube alignment thus 
eliminate ferrule cocking during make up. It is 
then very important that the tube should "fit up" to 
the fitting properly before make up. If the tubing 
must be forced into the fitting because of an 
improper bend or some other form of misalign- 
ment, you may end up with a cocked ferrule and a 
leaking joint. It should also be noted that the use of 
the fitting as an anchor point for one end of the 
tubing while it is being hard bent into position is 
also considered as not being good practice. 


installation 


Note that most fittings may be used as they 
come out of the box, they do not need to be 
disassembled. 


1. Cut tube squarely using either a tube cut- 
ter or hacksaw. Deburr tube end carefully. 


2. Insert tubing into fitting until it bottoms 
against the built in tube stop. Note that the 
tube must be held against the stop during make 
up. If the tube is allowed to back out slightly, 
the ferrule may not function properly and a 
leak may develop. 


3. With the tube held against the stop, tighten 
the nut finger tight and then wrench 1'4 turns 
further. 


NOTE: Instrument fittings work by the nut 
forcing the ferrule forward and inward to a de- 
sired point. This is why Ше 1'4 turns is men- 
tioned. Flareless fittings, unlike flared fittings, 
should never be made up by torque or "feel" 


as there are too many tolerances to compen- 
sate for (i.e. production, tubing, thread finish]. 
Because of these tolerances two fittings that 
"feel" that they are made up identically may 
be miles apart in the amount of actual ferrule 
action on the tube. Make up by turns, not "feel". 





illustration j (e-18) 


4. Remake — Most flareless instrument fittings 
will remake many times if the "remake" is 
made carefully. Almost all manufacturers re- 
quest that you mark the relationship between 
the nut and body before disassembly and then 
return the parts to this relationship during 
remake. All that is needed then is to tighten 
the nut a very slight amount further to re- 
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праща, instrumentation fittings continued 


establish the seals. If you can not make the 
fitting and assuming it is in gaod condition 
(i.e. threads not galled or body expanded) then 
just retighten the nut until you feel a load 
build up. This will be the point ав which the 
ferrule reseats. Then just tighten a slight ad- 
ditional amount. Remember, do not over do it. 


Regardless of the choice of fitting, the tech- 
niques and workmanship used in connecting 
components, running the lines and supporting 
them are vital to the success of the overall іп- 





stallation. And vital to good workmanship is 
the proper tooling to provide the correct prep- 
aration and fitting assembly technique. Good 
tooling and care in use of sealants will help 
minimize introduction of contaminants and un- 
due residual stresses to the system. 


Establishment of sound standard shop prac- 
tices, some of which are shown below, are es- 
sential. Your fitting supplier can furnish the 
proper tooling, both manual and mechanized 
to suit your particular needs. 





installing connectors & tubing 


installing connectors 
Pipe Threads. When installing pipe thread 
connectors, apply a good sealing compound 
such as Unipar or Teflon Tape (see Parker Cat- 
along 4390) to male threads. 


These are available from your Parker distri- 
butor. 


illustration j (e-16) 


Straight Threads. Cross section drawing in- 
dicates typical installation of straight thread 
adpater with o-ring into SAE straight thread 
boss. Parker o-ring provides sealing so pipe 
joint compound is not used. 


Locknut Fittings. Installation of locknut fit- 
tings for adjustable positioning follows: 





illustration | (е-17) 


O-ring and back-up washer should be іп 
proper position on undercut unthreaded sec- 
tion nearest to locknut. (Lubrication of o-ring 
with Parker o-ring grease is recommended.) 





illustration j (е-18) 


Step 1. Screw fitting by hand into straight 
thread boss until back-up washer contacts face 


of boss. 
ГГ NS 












illustration j (e-19) 


Step 2. To position fitting, unscrew as far as 
necessary (up to one full turn), hold fitting in 
desired position and tighten locknut with 
wrench so back-up washer contacts face of 
boss and contains o-ring within boss cavity. 


O-Ring Replacement. Do not push o-ring 
recklessly over threads of fitting which might 
nick the o-ring surface. A damaged o-ring 
could lead to leakage trouble. 


Use thread protector to replace o-rings on fitting. 
Place the protector over the threads, then push 
resilient o-ring over the protector and into the O- 
ring groove of the fitting. 









Careless method. Correct method. 


illustration j (е-20} 


Properly installed Parker o-ring will assure 
leakproof seal. 
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installing connectors & tubing continued 


aj tube alignment 


"n Bend the tube into correct radius for proper 

кі fit. Springing tube to force alignment puts un- 

desirable strain on fitting joint. Correct bends 

RIGHT are easily made with Parker benders (Parker 

Catalog 4390) — without wrinkling, flattening 
or kinking tube. 





Using hand tube bender. | 
illustration j [е-24} 









CUTTERS & ACCESSORIES BENDERS FLARING TOOLS | PRE-SETTING TOOLS ОТНЕЯ$ 


KLOSKUT® FERULOK® 
Ferrule Pre-Setter 
(Sizes 2 to 32) 
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Medium (Sizes 2 to 18) 14" Hand Tube Bender Vise Block and Flaring Pin Sealers and Lubricants 
(Sizes 4 to 32) 










HY-FER-SET® 





KLOSKUT® 


à 


Large (Sizes 12 to 32) 


BQ 


De-burring Tool (Sizes 2 to 26) 







Ferrule Pre-setter, Hydraulic Teflon* Tape 


(Sizes 4 to 32) 









Medium Hand Tube Bender 


Ss 


Ratchet Hand Tube Bender 


ЊЕ 


1" Hand Tube Bender 




















Шен п 


Straight Thread Boss Tap 
(Sizes 2 to 32) 







TRU-KUT SAWING VISE 


== 


Straight Thread 
Boss Counterbore 


Saw Vise (Slzes 3 to 32) 
(Sizes 2 to 32) 


*These require the use of various accessory items which can be found on the page on which that tool is listed or the following page 
*Tetlon is a DuPont registered trademark. 





EXACTOL® 412 and 420 


Medium and Large Crank 
(Sizes 4 to 20) 
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Hydraulic (Sizes 6 to 32) 


connectors | 


| 
fluid power 





tube fitting trouble shooting 


trouble shooting the flared fitting 
If a flare fitting is leaking check the followihg: 
1. If the flared end of tube is flared to proper 





illustration | (е-22) 


angle (379 or 45?) — wrong tool might have 
been used. | 


2. Check tube flare for embedded burrs, dirt 
and grit. 


3. Check tube flare for severe scratches or in- 
dented seams left in ID of tube during its 
manufacture. 


4. Check nose of fitting for deep scratches of 
surface imperfections. 


5. Check nose of fitting for a narrow seal line 
which should appear as a complete 360? circle 
line |contact. A break in this line may indicate 
a possible leak path. 


6. Check tubing for proper alignment. A flared 
fitting will accept more misalignment than 
other fittings but do not ask it to make up for 
improper tube bending. 


trouble shooting bite-type fitting 
Problems with bite-type hydraulic fittings are 
most often traced to faulty make up procedure. 
Look for the following: 


1. Tube not bottomed. Check for the indent 
on the tube end or compare length from end 
of tube to the front end of the ferrule, of a 
known good assembly to that of the assembly 
in question. 


2. Lack of bite. Inspect for turned up ridge of 
material. A failure to achieve this ridge can 
be traced either to the fact that the nut was 
not tightened enough or that the tube was not 
bottomed against the stop which allowed Ше 
tube to travel forward with the ferrule. 


3. Ferrule cocked on tube. The ferrule is 
cocked on the tube when the tube assembly is 


off axis with that of the body. Generally this 
condition is caused by faulty tube bending. 
All bent tube assemblies should drop into the 
fitting body prior to make up. 

4. No bite. If all of the above checks have 
been made and the ferrule still shows no sign 
of biting the tube, it may be that the tube is 
too hard. Consult your fitting manufacturer 
in this case. 


trouble shooting the 


compression fitting 

Most leaks in instrumentation fittings can be 
traced back to improper make up procedures. 
Either the tube was not aligned properly be- 
fore make up or it was not held in against 
the stop during make up. To check if it was not 
held against the stop compare the leaking tube 
and ferrule assembly against one that you know 
has been held against the stop. The distance 
from the front of the ferrule to the end of the 
tube should be identical. To check for mis- 
alignment, notice if the ferrule is cocked on 
the tube. If it is, then your problem is mis- 
alignment and you will have to retube that as- 
sembly. 
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Another check for leaks can be made by using 
a soap solution. If the bubbles form at the 
back of the nut between the nut and the tube, 
then chances are that you did not get a seal be- 
tween the ferrule/s and the tube. Again, mis- 
alignment may be the cause. However check 
the tube itself. You could have a scratch or 
seam running along the tube, allowing a leak 
to occur. If your soap solution forms bubbles 
at the front of the nut between it and the 
body, then the leak is probably between the fer- 
rule/s and the fittings seal seat. Check this 
area for imbedded dirt. Always remember 


that if you have a problem that you can not 
solve, call in the manufacturer. He will pro- 
bably find a solution and it won't cost you any 
time or money. 
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glossary of terms 
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Abrasion 


Absolute Filtration Rating 
(Largest Particle Passed) 


Absorbent (Absorptive) 
Accumulator 


Accumulator, 
Hydropneumatic 


Accumulator, 
Hydropneumatic, Bladder 


Accumulator, 
Hydropneumatic, 
Diaphragm 
Accumulator, 
Hydropneumatic, Piston 


Accumulator, 
Hydropneumatic, 
Non-Separator 


Accumulator, Mechanical 
Accumulator, Mechanical, 
Spring 

Accumulator, Mechanical, 
Weighted 

Adapter (Support Ring) 
Adapter, Female 

Adapter, Male 


Adapter, Redestal 
Adsorbent (Adsorptive) 


Aftercooler 
Air Bleeder 
Air Breather 


Air inclusion 
Air Motor 


Air, Compressed (Pressure) 
Analog 


AND Device 


AND 10050 


Angle 
Aniline Point 


Artificially Loaded 
Atmos shere, Technical 


Automatic Count 


A wearing, grinding, ог ruboing away of material in mechanical elements. The pro- 
ducts of abrasion will be introduced into the system as generated particulate 
contamination. 


The diameter of the largest hard spherical particle that will pass through a filter 
under specified conditions. This is an indication of the largest opening in the filter 
element. 


A filter medium that holds contaminant by mechanical means. 
A container in which fluid is stored under pressure as a source of fluid power. 
An accumulator in which compressed gas applies force to the stored liquid. 


A hydropneumatic accumulator in which the liquid and gas are separated by an 
elastic bag or bladder. 


A hydropneumatic accumulator in which the liquid and gas are separated by a 
flexible diaphragm. 


А hydropneumatic accumulator in which the liquid and gas are separated by a 
floating piston 


А hydropneumatic accumulator in which the compressed gas operates directly on 
liquid within the pressure chamber. 


An accumulator incorporating a mechanical device which applies force to the stored 
fluid. 


A mechanical accumulator in which springs apply force to the stored fluid. 


A mechanical accumulator in which the gravitational force acting upon weights 
applies force to the stored fluid. 


A seal support shaped to conform with the contour of the seal and the mating 
element. 


An adapter with a concave seal support. Referred to as bottom adapter with “У?” 
type sets. 


An adapter with a convex seal support. Referred to as bottom adapter with “У” type 
sets. 


An adapter usually used to support a “U” type seal. 


A filter medium primarily intended to hold soluble and insoluble contaminants on 
its surface by molecular adhesion. 


A device which cools a gas after it has been compressed. 

A device for removal of air. 

A device permitting air movement batween atmosphere and the component in which 
it is installed. 

The volume of air introduced into a liquid system as a result of servicing a filter. 


A device which converts pneumatic fluid power into mechanical force and motion. It 
usually provides rotary mechanical motion. 


Air at any pressure greater than atmospheric pressure. 


Of or pertaining to the general class of fluidic devices or circuits whose output varies 
as a continuous function of its output. 

A control device which has its output in the logical 1 state if and only if all the con- 
trol signals assume the logical 1 state. 


A United State Air Force-Navy Aeronautical Design Standard in which a straight 
thread рогі 15 used to attach tube fittings to various components. It employs an “0” 
ring seal compressed in a special cavity. 


A mounting device which is angular in cross section. It is usually made from a 90? 
structural angle. 


The lowest temperature at which a Паша is completely miscible with an equal 
volume of freshly distilled aniline (ASTM Designation D611-64). 


A filter element that is loaded with a controlled laboratory test contaminant. 
A unit of pressure used in Germany and equal to 1 Kp/cm? (kilopond per square 
centimeter), approximately equal to 14.2 psig. 


A particle count obtained by an electromechanical or electronic device as opposed to 
visual micróscopic counting technique. 





Back Connected 
Back-Up Ring 
(Anti-Extrusion Ring) 
(Junket Ring) (Bull Ring) 


Background Contamination 


Baffle 
Bar 


Base, Filter 
Bernoulli’s Law 


Bi-Directional Filter 
Bistable 


Bleed Off 


Boil Point (Foam All Over) 
(Mass Bubble Point) 
(Open Bubble Point) 


Bowl Shell 
Boyle’s Law 


Breathing Capacity 
Bridging 


Bubble Point 
(First Bubble Point) 
(Initial Bubble Point) 


Bulk Modulus 
Burst 


Burst Pressure Rating 
Rating Filter 


Burst Pressure, Filter 


Cap (Back End) 
(Blind End) (Blind Head) 
(Rear End) (Rear Head) 


Cap, Filter 

Case (Shell), Filter 
Case Drain Line 
Cavitation 


Celsius 


Center Tube (Core) 
Centipoise 


Centistoke 
Centrifuge Volume 


Channel 
Charles’ Law 
Circuit 
Circuit, Pilot 


Where connections are made to normally unexposed surfaces of components. 
A ring which bridges a clearance to minimize seal extrusion. 


The total of the extraneous particles which are introduced in the process ot obtain- 
ing, storing, moving, transferring and analyzing the fluid sample. 


A device to prevent direct flow or inpimgement. 


A unit of pressure based on 105 N/m2 
(Newtons per square meter), approximately equal to 14.5 psig. 


The foundation or support for the filter which may also contain one or more ports. 


If no work is done on or by a flowing frictionless liquid its energy due to pressure 
and velocity remains constant at all points along the streamline. 


A filter element designed for flow in both directions. 


Of or pertaining to the general class of fluidic devices which maintain in either of 
two position operating states in the presence or absence of the setting input. 


A filter located in a line between a flow control device and reservoir. 


The differential gas pressure at which gas bubbles are profusely emitted profusely 
emitted from the entire surface of a wetted filter element under specified test 
conditions. 


A case that is closed at one end and mates with the filter head 


The absolute pressure of a fixed mass of gas varies inverselv as the volume, provided 
the temperature remains constant. 


A measure of flow rate through an air breather. 


A condition of filter element loading in which contaminant pans the space between 
adjacent sections of a filter element hus blocking a portion of the useful filtration 
area. 


The differential gas pressure at which the first steady stream of gas bubbles is 
emitted from a wetted filter element under specified test conditions. 


The measure of resistance to compressibility of a fluid. It is the reciprocal of the 
compressibility. 

An outward structural failure of the filer element caused by excessive differential 
pressure. 


The maximum specified inside-out differential pressure which can be applied to a 
filter element without outward structural or filter medium failure 


The pressure which causes rupture. Also, the inside-out differential pressure that 
causes outward structural or filter medium failure of a filter element. 


A cylinder end closure which completely covers the bore area. 


An end closure for the filter case. 
A hollow part that provides a cavity for the filter element. 
A line conducting fluid from a pump or motor housing to reservoir. 


A localized gaseous condition within a liquid stream which occurs where the pressure 
is reduced to the vapor pressure. 


A temperature scale. 0 Celsius (ог 0 Centigrade) is the freezing point of water. °С = 
5/9 (°F - 32). 

The internal duct and filter media support. 

A unit of absolute (dynamic) viscosity. 1 centipoise = 10-2 dyne s/cm? (dyne-second 
per square centimeter) = 10-? Ns/m? (Newton seconds per square meter). 


A unit of kinematic viscosity. 1 centistoke = 10-2 cm?/s (square centimeters рег 
second) = 10-6 m2/s (square meters per second). 


The volume of contaminant (Iiquid or solid or both) separated from a volume of 
liquid exposed to centrifugal force. 


A fluid passage, the length of which is large with respect to its cross-sectional area. 


The volume of a fixed mass of gas varies directly with absolute temperature, provided 
the pressure remains constant. 


An arrangement of interconnected component parts. 
A circuit used to control a main circuit or component. 
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Circuit, Pressure Control Any circuit whose main purpose is to adjust or regulate fluid pressure in the system 
or any branch of the system. 
Circuit, Regenerative A circuit in which pressurized fluid discharged from a component is returned to the 


system to reduce power input requirements. On single rod end cylinders the discharge 
from the rod end is often directed to the opposite end to increase rod extension 


speed. 
Circuit, Safety A circuit which prevents accidental operation, protects against overloads, or other- 
wise assures| safe operation. 
Circuit, Sequence A circuit which establishes the order in which two or more phases of a circuit occur. 
Circuit, Servo A circuit which is controlled by automatic feed back; i.e., the output of the system is 


sensed or measured and is compared with the input signal. The difference (error) bet- 
ween the actual output and the input controls the circuit. The controls attempt to 
minimize the error. The system output may be position, velocity, force, pressure, 

level, flow rate, or temperature. 


Circuit, Speed Control Any circuit where components are arranged to regulate speed of operation. 

Circuit, Synchronizing A circuit in which multiple operations are controlled to occur at the same time. 

Circuit, Unloading A circuit in which pump volume is returned to reservoir at near zero gage pressure 
whenever delivery to the system is not required. 

Cleanability The ability of a cleanable filter element to withstand repeated field cleanings and re- 
tain adequate dirt capacity and service life. 

Cleanliness Level The analogue of contamination level. 

Contamination Level A quantitative term specifying the degree of contamination. 


| 
Clevis (Hinge) (Pendulum) An "U" shaped mounting device which contains a common pin hole at right angle 
or normal to the axis of symmetry through each extension. A clevis usually connects 


with an eye. 

Collapse Pressure The outside-in differential pressure that causes structural or filter medium failure of 
a filter element. 

Collapse Pressure Rating The maximum specified outside-in differential pressure which can be applied to a 


filter element without inward structural or filter medium failure. 


Combination (Composite) A filter medium composed of two or more types, grades, or arrangements of filter 
media to provide properties which are not available in a single filter medium. 


Compartment A space within the base, frame or column of the equipment. 

Compressibility The change in volume of a unit volume of a fluid when subjected to a unit change of 
pressure. 

Compressor A device which converts mechanical force and motion into pneumatic fluid power. 


Compressor, Multiple Stage А compressor having two or more compressive steps in which the discharge from 
each supplies the next in series. 


Compressor, Single Stage A compressor having only one compressive step between inlet and outlet. 

Conductor А component whose primary function is to contain and direct fluid. 

Condui Any confining element employed to transfer fluid. 

Contaminant Any material or substance which is unwanted or adversely affects the fluid power 
system or components, or both. 

Contaminant, Artificial Contaminant of known composition and particle size distribution which are in- 


troduced into fluid systems of fluid system components for test purposes. The most 
commonly used artificial c contaminants include standardized fine air cleaner test 
dust, standardized coarse air cleaner test dust, carbonyl iron, glass beads, cot- 
tonlinters, réd iron oxide and black iron oxide. 


Contaminant, Built-In Initial residual contamination in a component, fluid, or system. Typical built-in con- 
taminants S burrs, chips, flash, dirt, dust, fiber, sand, moisture, pipe dope, weld 
spatter, paints and solvents, flushing solutions, incompatible fluids and operating 
fluid impurities. 

Contaminant, Generuted Contamination created by the operation of a fluid system or component. Generated 

| contaminanís are products of erosion, fretting, scoring, wear, corrosion, decomposi- 
tion, oxidation, and fluid-breakdown. Air bubbles may also be generated under some 
operating conditions. 


Contaminated A filter element which releases into the effluent foreign particles resulting from 
handling, storage, and fabrication. 
Continuity Equation Under steady state conditions the mass rate of fluid flow into a fixed space is equal 


to the mass flow rate out. Hence, the mass flow rate of fluid past all cross sections of 
a conduit is equal. 





Control 

Control, Automatic 
Control, Combination 
Control, Cylinder 
Control, Electric 
Control, Hydraulic 
Control, Liquid-Level 
Control, Manual 
Control, Mechanical 
Control, Pneumatic 
Control, Pressure 
Control, Pump 


Control, Servo 


Cooler 
Corrosion 


Counting Calibration Factor 


Cover 

Crest 

Cushion 

Cushion, Cylinder 
Cushion, Die 


Cushion, Hydraulic 
Cushion, Hydropneumatic 
Cushion, Pneumatic 
Cycle 


Cycle, Automatic 
Cycle, Manual 
Cycle, Semi-automatic 


Cylinder 


Cylinder Mounting 
Cylinder Mounting, 


Centerline 

Cylinder Mounting, 
Cylinder, Log 
Cylinder Mounting, 
Intermediate 

Cylinder Mounting, 
Intermediate Fixed 
Trunnion 

Cylinder Mounting, 
Intermediate, Movable 
Trunnion 

Cylinder Mounting, 
Universal 

Cylinder Mounting, End 


A device used to regulate the function of a component or system. 

A control which actuates equipment in a predetermined manner. 

A combination of more than one basic control. 

A control in which a fluid cylinder is the actuating device. 

A control actuated electrically. 

A control actuated by a liquid. 

A device which controls the liquid level by a float switch or other means. 
A control actuated by the operator. 

A control actuated by linkages, gears, screws, cams or other mechanical elements. 
A control actuated by air or other gas pressure. 

A control in which a pressure signal operates a compensating device. 


A control applied to a positive displacement variable delivery pump to adjust the 
volumetric output or direction of flow. 


A control actuated by a feed back system which compares the outpu with the 
reference signal and makes corrections to reduce the difference. 


A heat exchanger which removes heat from a fluid. 


The chemical change in the mechanical elements caused by the interaction of fluid or 
contaminants, or both. More specifically related to chemical changes in metals. The 
products of change may be introduced into the system as generated particulate 
contamination. 


Ratio of the effective filtration area on the membrane to the area counted, 
SAE-ARP-598. 


An end closure which provides access to the filter element. 

The outer fold of a pleat. 

A device which provides controlled resistance to motion. 

A device to reduce the impact of the piston against the cap or head of the cylinder. 


A cushion installed with a die on a press to provide controlled resistance against the 
work. The return motion of the cushion is sometimes used to eject the work. 


A cushion in which resistance is developed hydraulically. 
A cushion in which resistance is developed hydraulically and pneumatically. 
A cushion in which resistance is developed pneumatically. 


A single complete operation consisting of progressive phases starting and ending at 
the neutral position. 


A cycle of operation which once started is repeated indefinitely until stopped. 

A cycle which is manually started and controlled through all phases. 

A cycle which is started upon a given signal, proceeds through a predetermined se- 
quence, and stops with all elements in their initial position. 


A device which converts fluid power into linear mechanical force and motion. It 
usually consists of a movable element such as a piston and such as a piston and 
piston rod, plunger or ram, operating within a cylindrical bore. 


A device by which a cylinder is fastened to its mating element. 

A mounting which permits connection on a plane in line with the piston rod 
centerline. 

A centerline mounting consisting of two opposite lugs at each end of the cylinder. 
A mounting which provides cylinder connection at an intermediate external position 


along the piston rod centerline between ends. 
An intermediate mounting consisting of trunnion pins which cannot be repositioned. 


An intermediate mounting consisting of trunnion pins which can be repositioned. 


A mounting which permits a cylinder to change its alignment in all directions. 


A mounting which permits connection at either or both ends of a cylinder. 
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Cylinder Mounting, End, 
Both 

Cylinder Mounting, End, 
Both, Tie Rods Extended 
Cylinder Mounting, End, 
Cap, ys eae 

Cylinder Mounting, End, 
Cap, Circular Flange 
Cylinder Mounting End, 
Cap, Detachable Eye 
Cylinder Mounting, End, 
Cap, Fixed Clevis 
Cylindcr Mounting, End, 


Cap, Fixed Eye 

Cylinder Mounting, End, 
Cap, Rectangular Flange 
Cylinder Mounting, End, 
Cap, Square 

Cylinder Mounting, End, 
Cap, Square Flange 
Cylinder Mounting, End, 
Cap, ib. Rods Extended 
Cylinder Mounting, End, 
Cap, Trunnion 

Cylinder Mounting, End, 
Head 

Cylinder Mounting, End, 
Head, Circular 

Cylinder Mounting, End, 
Head, Circular Flange 
Cylinder Mounting, End, 
Head, Female Rabbet 
Cylinder Mounting, End, 
Head, Male Rabbet 
Cylinder Mounting, End, 
Head, Rectangular Flange 
Cylinder Mounting, End, 
Head, Square 

Cylinder Mounting, End, 
Head, Square Flange 
Cylinder Mounting, End, 
Head, е Rods Extended 
Cylinder Mounting, End, 
Head, Trunnion 
Cylinder Mounting, 

End, Cap 

Cylinder Mounting, Fixed 


Cylinder Mounting, Pivot 
воет Mounting, Side 

Cylinder Mounting, Side, 
End Angles 

Cylinder Mounting, Side, 
End Lugs 

Cylinder Mounting, Side, 
End Plates 

Cylinder Mounting, Side, 
Lug 


k (a-6) 


A mounting at both ends of the cylinder. 

A cylinder mounted at both ends by means of extended tie rods. 

A direct спошаг cap mounting. 

A cap mounting consisting of a supplementary circular flange piate. 

A cap mounting consisting of an eye which can be removed or rotated. 

А cap mounting consisting of a clevis integral with the cap to, maintain a fixed 
clevis-port relationship. 

A cap mounting consisting of an eye integral with the cap to maintain a fixed eye- 
port relationship. 

А cap mounting consisting of a supplementary rectangular flange plate. 

A direct square cap mounting. 

A cap mounting consisting of a supplementary square flange plate. 

А cap mounting of ии tie rods. 

A cap mounting consisting of trunnion pins near or at the cap end of the cylinder. 
A mounting which provides cylinder connection at the head end. 

A direct circular head mounting. 

A head mounting consisting of supplementary circular flange plate. 

A head mounting consisting of a female pilot recess. 

A head mounting consisting of a male pilot extension. 

A head mounting consisting of a supplementary rectangular flange plate. 

A direct square head mounting. 

A head mounting consisting of a supplementary square flange plate. 

A head mounting consisting of extended tie rods. 

A head пора consisting of trunnion pins near or at the head end of the cylinder. 
A mounting which permits connection at the cap end. 

A mounting which provides rigid connection between the cylinder and the mating 
element whérein the piston rod reciprocates in a fixed line. 

A mounting which permits a cylinder to change its alignment in a plane. 


A mounting which provides cylinder connection at one of its sides. 

A side mounting consisting of an angle at each end of the cylinder with the free legs 
facing a common side. 

A side mounting consisting of one or more lugs at each end of the cylinder and 
facing a common side. 

A side mounting consisting of an extended plate at each cylinder end and facing a 
common side 


A side mounting consisting of two opposite lugs at each cylinder end facing a 
common side 
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Cylinder Mounting, Side, 
Tapped 


Cylinder Mounting, Side, 
Through Holes 


Cylinder, Adjustable 
Stroke 

Cylinder, Cushioned 
Cylinder, Double Acting 


Cylinder, Double Rod 
Cylinder, Dual Stroke 
Cylinder, Non-Rotating 


Cylinder, Piston 
Cylinder, Plunger (Ram) 
Cylinder, Plunger (Ram) 
Cylinder, Retractable 
Stroke 

Cylinder, Rotating 
Cylinder, Single Acting 


Cylinder, Single Rod 
Cylinder, Spring Return 
Cylinder, Tandem 
Cylinder, Telescoping 


Damping Parameter 


Darcy's Formula 


Decay 
Decay Rate 
Decomposition 


Decontamination 
Density 


Deposited 
Depth 
Diagram 


Diagram, Combination 
Diagram, Cutaway 
Diagram, Graphical 


(Schematic) 
Diagram, Pictorial 


A side mounting consisting of one or more tapped holes at each cylinder end facing 
a common side 


A side mounting consisting of holes drilled across both ends to a common side. 
A cylinder equipped with adjustable stops at one or both ends to limit piston travel. 


A cylinder with a piston-assembly deceleration device at one or both ends of the 
stroke. 


A cylinder in which fluid force can be applied to the movable element in either 
direction. 


A cylinder with a single piston and a piston rod extending from each end. 
A cylinder combination which provides two working strokes. 


A cylinder in which relative rotation of the cylinder housing and the piston and 
piston rod, plunger or ram, is not recommended. 


A cylinder in which the movable element has a greater cross-sectional area than the 
piston rod. 


A cylinder in which the movable element has a greatar cross-sectional area than the 
piston rod. 


A cylinder in which the movable element has the same cross-sectional area as the 
piston rod. 


An adjustable-stroke cylinder in which the stop can be temporarily changed to 
permit full retraction of the piston assembly. 


A cylinder in which relative rotation of the cylinder housing and the piston and 
piston rod, plunger or ram, is recommended. 


A cylinder in which the fluid force can be applied to the movable element in only 
one direction. 


A cylinder with a piston rod extending from one end. 

A cylinder in which a spring returns the piston assembly. 

Two or more cylinders with interconnected piston assemblies. 

A cylinder with nested multiple tubular rod segments which provide a long working 
stroke in a short retracted envelope. 

A measure of the time required as a function of the maximum press excursion of the 
power supply output to attain essentially steady state operation after an abrupt 
disturbance. Specifically, it is the transient recovery time divided by the maximum 
excursion. 

A formula used to determine the pressure drop due to flow friction through a 
conduit. 

A falling pressure. 

The ratio of pressure decay to time. 

Separation by chemical change into constituent parts, elements, or different com- 
pounds. More specifically related fluid and seal chemical changes. The materials 
affected are primarily organic in nature. The products of change may be introduced 
into the system as contamination. 

The process of removing unwanted material or substance; the reduction of con- 
tamination to an acceptable level. 

A unit of mass per unit volume usually expressed in kg/1 (kilograms per liter) 1 kg/l 
= 0.036 lb/in?. 

A filter medium produced by chemical or electrolytic deposit. 

A filter medium which primarily retains contaminant within tortuous passages. 

A drawing which illustrates pertinent characteristics, element positions, sizes, inter- 
connection, controls and actuation of components and fluid power circuits. 

A drawing using a combination of graphical, cut-away and pictorial symbols showing 
interconnected lines. 

A drawing showing principle internal parts of all components, controls and actuating 
mechanisms, all interconnecting lines and function of individual components. 

A drawing or drawings showing each piece of apparatus including all interconnecting 
lines by means of approved ANSI standard symbols. 

A drawing showing each component in its actual shape according to the manufac- 
turer’s installation. 
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Diagram, Pressure-Time 
Digital 










Dirt Capacity 
(Dust расну) 
(Contaminant Capacity) 


Displacement, Volumetric 
Dissolved Air 
Dissolved Water 


Dither 


Drift 
Droop 


Durometer Hardness 
Edge 


Effective Area 
Effective Particle Diameter 


Efficiency, Filter 


Effluen 
Electrical Control Power 


Electrical Quiescent Power 


Element (Cartridge) 
Emulsion 


Emulsion, Oil in Water 
Emulsion, Watar in Oil 
Enlosure 

End Cap 

End Load 


End Load Rating 
End Seal 


End, Cylinder 
Entrained Air 


Erosion 


Etched 
Extended Area 


External Support 


A graphical presentation of pressure plotted against time for a complete cycle. 


Of or pertaining to the general class of fluidic devices or circuits whose output varies 
in discrete steps (1.е., pulses or “on-off” characteristics). 


The weight of a specified artificial contaminant which must be added to the influent 
to produce à given differential pressure across a filter at specified conditions. Used as 
an indication of relative service life. 


The volume for one revolution or stroke. 
Air which is dispersed at a molecular level in hydraulic fluid to form a single phase. 


Water which is dispersed at a molecular level in the hydraulic fluid to form a single 
phase. | 


A low amplitude, relatively high frequency periodic electrical signal, sometimes 
superimposed on the servovalve input to improve system resolution. Dither is express- 
ed by the dither frequency (Hz) and the peak-to-peak dither current amplitude. 


The аде ей above and below the operating pressure at a constant flow rate over a 
specified lerigth of time. 


The deviation between no flow secondary pressure and secondary pressure at a given 
flow. 


An arbitrary indication of hardness determined by an indentor. 


A filter medium whose passages are formed by the adjacent surfaces of stacked dics, 
edgewound ribbons, or single-layer filaments. 


The total area of the porous medium exposed to flow in a filter element. 


The diameter of a circle having an area equivalent to the projected area of the 
particle. 


The ability, expressed as а percent, of a filter to remove specified artificial contami- 
nant at a given contaminant concentration under specified test conditions. 


The fluid leaving a component. 


The power dissipation required for operation of the servovalve. Control power is а 
maximum with full input signal, and is zero with zero-input signal. It is independent 
of the coil connection (series, parallel, or differential) for any conventional two-coil 
operation. For differential operation, the control power is the power consumed in 
excess of the electrical quiescent power. This power change is a result of the differen- 
tial current change. 


The power dissipation required for differential operation of the servovalve when the 
current through each coil is equal and opposite in polarity. 


The porous device which performs the actual process of filtration. 


A stabilized mixture of two immiscible components, water and oil. It may contain 
additives. | 


A dispersion of oil in a continuous phase of water. 

A dispersion of water ш а continuous phase of oil. 

A housing for components. 

A ported or closed cover for the end of a filter element. 


The axial force applied to the end of a filter element which may cause permanent 
deformation or seal failure. 


The maximum specified axial force which can be applied to a filter element without 
permanent deformation or seal failure. 


The bond between the end cap and the filter medium. Also a sealing device which 
seals against the end cap by axial contact pressure. 


Either of two envelope surfaces at right angle or normal to the piston rod centerline. 


A mechanical mixture of air hubbles having a tendency to separate from the liquid 
phase. 

The loss of material in mechanical elements caused by the impingement of fluid or 
fluid suspended particulate matter, or both. The product of erosion will be intro- 
duced into the system as|generated particulate contamination. 

A filter medium having passages produced by chemical or electrolytic removal. 

A filter element whose medium is pleated or otherwise formed to obtain more effec- 
tive area within a given dimensional envelope. 


А permeable structural enclosure which imparts rigidity to a filter element, and 
usually protects the filter medium. 
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Eye (Hinge) (Pendulum) 


Fan In 
Fan In 
Fan Out 
Fatigued 
Fiber 


Filler Ring 

Filter Accessories 
Filter Components 
Filter Element Media 
Filter Performance 
Filterable Solids 


Fitting 

Fitting, Bushing 
Fitting, Cap 

Fitting, Closure 
Fitting, Compression 
Fitting, Connector 


Fitting, Coupling 
Fitting, Cross 


Fitting, Elbow 


Fitting, Flange 

Fitting, Flared 

Fitting, Flared AN 
Fitting, Flareless 

Fitting, Plug 

Fitting, Plug, Dryseal Pipe 


Fitting, Plug, Short Pipe 
Thread 


Fitting, Plug, Standard 
Fitting, Plug, Straight 
Fitting, Reducer 
Fitting, Tee 


Fitting, Union 
Fitting, Welded 
Fitting, Wye (Y) 


Flange 


Flapper Action 


A mounting device consisting of a single extension which contains counting pin hole 
at right angle or normal to the axis of symmetry. An eye usually connects with a 
clevis. 


The number of operating controls in a single fluidic device which individually and in 
combination will produce the same output. 


The number of operating controls in a single fluidic device which individually and in 
combination will produce the same output. 


The number of like devices to which operating controls are supplied by the output of 
the fluidic device. 


A structural failure of the filter medium due to flexing caused by cyclic differential 
pressure. 


For the purpose of microscopic particle counting a fiber is a particle whose length 15 
greater than 100 micrometers but at least ten times its width. 


A ring which fills the recess of a “У” ог “U” type seal. 

Auxiliary devices incorporated into a filter to enhance its usefulness. 

The parts that make up a filter. 

The porous materials which perform the actual process filtration. 

Those factors which describe the functions and attributes of a filter or filter element. 


The solids retained оп a membrane for analysis by weight, count or observation as it 
applies to the section on contamination measurement. 


A connector or closure for fluid power lines and passages. 

A short externally threaded connector with a smaller size internal thread. 
A cover for fluid passages. 

A cap or a plug. 

A fitting which seals and grips by manual adjustable deformation. 


A fitting for joining a conductor to a component port or to one or more other 
conductors. 


A straight connector for fluid lines. 


A fitting with four ports arranged in pairs, each pair on one axis, and the axis at 
right angles. 


A fitting that makes an angle between mating lines. The angle is always 90 degrees 
unless another angle is specified. 


A fitting which uses a radially extending collar for sealing and connection. 

A fitting which seals and grips by a preformed flare at the end of the tube. 

A United States Air Force-Navy 30? flared tube fitting Design Standard. 

A fitting which seals and grips by means other than a flare. 

A closure which fits into a fluid passage. 

A plug made with a thread which conforms to Dryseal Pipe Thread Standards. 


A plug which conforms in all respects to standard pipe threads except that the thread 
has been shortened one full thread from the small end. 


A plug with American (National) Pipe Thread tapered pipe threads. 

A plug with straight thread conforming Thread to United Thread Standards. 

A fitting having a smaller line size at one end than the other. 

A fitting with three ports, a pair on one axis with one side outlet at right angles to 
this axis. 

A fitting which permits lines to be joined or separated without requiring the lines to 
be rotated. 

A fitting attached by welding. 


A fitting with three ports, a pair on one axis with one side outlet at any angle other 
than right angles to this axis. The side outlet is usually 45?, unless another angle is 
specified. 


A mounting device consisting of a plate or collar extending past the basic cylinder 
profile to provide clearance area for mounting bolts. A flange is usually at right 
angle or normal to the piston rod centerline. 


A valve design in which output control pressure is regulated by a pivoted flapper in 
relation to one or two orifices. 
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Flash Point 
Flip Flop 


Flow Characteristic Curve 
Flow Characteristic Curve 
Flow Fatigue 

Flow Polarity 

Flow Rate 


Flow, Laminar (Streamline) 
Flow, Metered 
Flow, Steady State 


Flow, Turbulent 
Flow, Unsteady 


Fluid 
Fluid Breakdown 


Fluid Capacity 
Fluid Friction 
Fluid Power 

Fluid Power System 


Fluid Stability 
Fluid, Fatty Oil 


Fluid, Fire Resistant 
(Non-Flammable)* 


Fluid, Hydraulic 
Fluid, Pneumatic 
Fluidic 

Fluidic Amplification, 
Power 

Fluidic Amplification, 
Pressure 


Fluidic Amplification, Flow 


Fluidic Amplifier, 
Turbulence 


Fluidic Amplifier, Closed 
Fluidic Amplifier, Impact 
Modulator 

Fluidic Amplifier, Open 
Fluidic Amplifier, Stream 
Deflection 

Fluidic Amplifier, Vortex 





The temperature to which a liquid must be heated under specified conditions of the 
test method to give off sufficient vapor to form a mixture with air that can be ignited 
momentarily by a specified flame. 


А digital component or circuit with two stable states and sufficient hystereses so that 
it has “memory”. Its state is changed with a control pulse; a continuous control 
signal is not necessary for it to remain in a given state. 


The change in regulated (secondary) pressure occurring as a result of a change in 
therate of air flow over the operating range of the regulator. 


The Dum regulated (secondary) pressure occurring as a result of a change in the 
rate of air flow over the operating range of the regulator. 


The ability of a filter element to resist structural failure of the filter medium due to 
flexing caused by cyclic differential pressure. 


The relationship between the direction of control flow and the direction of input 
current. | 
1 


The volume, mass, ог w 
time. | 
А flow situation in which fluid moves in parallel lamina or layers. 
Flow at a cantrolled rate. 


A flow situation wherein conditions such as pressure, temperature, and velocity at 
any point in the fluid do not change. 


A flow situation in which the fluid particles move in a random manner. 


A flow situation wherein conditions such as pressure, temperature and velocity 
change at points in the liquid. 


A liquid, gas, or combination thereof. 


A change of chemical or mechanical properties of a fluid, or both. Some end pro- 
ducts may be insoluble in the fluid. 

The liquid volume coincident with the “high” mark of the level indicator. 
Friction due to the viscosity of fluids. 

Energy transmitted and Controlled through use of a pressurized fluid. 


A system that transmits and controls power through use of a pressurized fluid within 
an enclosed circuit. 


Resistance of a fluid to permanent changes in properties. 


A fluid composed of fats derived from animal, marine, or vegetable origin. It may 
contain additives. 


A fluid difficult to ignite which shows little tendency to propagate flame. 
*Deprecated. 


A fluid suitable for use in a hydraulic system. 
A fluid suitable for use in a pneumatic system. 
Of or pertaining to devices, systems, assemblies, etc., using fluidic components. 


The ratio of the change of the power in a specified load impedance connected to a 
device to the change in the power applied to the controls of the device. 


The ratio of the change of the pressure drop across a specific load impedance to the 
change in the pressure drop applied across the controls of the device. 


ght of a fluid passing through any conductor per unit of 








The ratio of the change of the flow in a specified load impedance connected to a 
device to the change in the flow applied to the controls of the device. 


A fluidic amplifier in which the power jet is at a pressure such that it is in the 
transition region of laminar stability and can be caused to become turbulent by a 
secondary jet or by sound. 

А fluidic amplifier which has no vent port. 


А fluidic amplifier in which the impact plane position of two opposed streams is 
controlled to alter the output. 


A fluidic amplifier which has a vent port. 
A fluidic amplifier which uses one or more control streams to deflect a power 
stream, altering the output. It is usually analog. 


A fluidic amplifier in which the angular rate of a vortex is controlled to alter the 
output. 


Fluidic Amplifier, Wall 
Attachment 


Fluidic Device, Active 
Fluidic Amplifier 


Fluidic Device, Passive 
Fluidics 

Force Motor 

Free Air 

Free Air 

Free Water 

Fretting 


Fretting Corrosion 
Front Connected 


Full System Differential 
Pressure 


Gage 

Gage, Bellows 

Gage Bourdon Tube 
Gage, Diaphragm 


Gage, Fluid Level 
Gage, Manometer 


Gage, Pilot Tube 


Gage, Piston 
Gage, Pressurs 
Gage, Vacuum 
Gland 

Gland Follower 
Gravimetric Value 


Grooving 
Hagen Poiseuille Law 


Head 


Head (Front End) 


(Front Face) (Front Head) 


(Rod Head) 
Head, Filter 
Head, Friction 


A fluidic amplifier in which the control of the attachment of a stream to a wall(s) 
alters the output. It is usually digital. 


The general class of fluidic that requires a power supply separate from the controls. 


A device which enables one or more fluid dynamic signals to control a source of 
power and thus is capable of delivering at its output an enlarged reproduction of the 
essential characteristics of the signal. 


The general class of fluidic devices that operates on signal power alone. 


Engineering science pertaining to the use of fluid dynamic phenomena to sense, con- 
trol, process information, and/or actuate. 


A type of electromechanical transducer having linear motion used at the input stages 
of servovalves. 


Air at ambient temperature, pressure, relative humidity, and density. 


Any compressible gas, air or vapor trapped within a hydraulic system that does not 
condense or dissolve to form a part of the system fluid. 


Water droplets or globules in the system fluid that tend to accumulate at the bottom 
or top of the system fluid depending on the fluid's specific gravity. 


A type of wear resulting from minute reciprocal sliding motion which products fine 
particulate contamination without chemical change. 


Oxidation of air and moisture on the surface of a mechanical element. 
Where connections are made to normally exposed surfaces of components. 


A filter element which will withstand a differential pressure at least equal to the 
maximum system operating pressure without structural or filter medium failure. 


An instrument or device for measuring, indicating, or comparing a physical 
characteristic. 


A gage in which the sensing element is a convoluted closed cylinder. А pressure dif- 
ferential between outside and inside causes the cylinder to expand or contract axially. 


A pressure gage in which the sensing element is a curved tube that tends to straighten 
out when subjected to internal fluid pressure. 


A gage in which the sensing element is relatively thin and its inner portion is free to 
deflect with respect to its periphery. 


A gage which indicates the fluid level at all times. 


A differential pressure gage in which pressure is indicated by the height of a liquid 
column of known density. Pressure is equal to the difference in vertical height bet- 
ween two connected columns multiplied by the density of the manometer liquid. 
Some forms of manometers are ^U" tube, inclined tube, well, and bell types. 


A velocity-sensing tubular probe with one end facing fluid flow and the other end 
connected to a gage. 


A pressure gage in which the sensing element is a piston operating against a spring. 
A gage which indicates the pressure in the system to which it is connected. 

A pressure gage for pressures less than atmospheric. 

The cavity of a stuffing box. 

The closure for a stuffing box. 


The weight of suspended solids per unit volume of fluid. A method employing mem- 
brane filters for this determination is outlined in Society of Automotive Engineers 
Aerospace Recommended Practices #785. 


Shallow ridges in the filter medium perpendicular to the roots of the pleats. 


The friction factor of Darcy's Formula is a ratio of 64 to the Reynolds Number when 
flow is laminar. 


The height of a column or body of fluid above a given point expressed in linear 
units. Head is often used to indicate gage pressure. Pressure is equal to the height 
times the density of the fluid. 

The cylinder end closure which covers the differential area between the bore area and 
the piston rod area. 


An end closure for the filter case or bowl which contains one or more ports. 

The head required to overcome the friction at the interior surface of a conductor and 
between fluid particles in motion. It varies with flow, size, type and condition of con- 
ductors and fittings, and the fluid characteristics. 
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Head, Static 

Head, Static Discharge 
Head, Static Suction 
Head, Total Suction 
Head, Vélocity 


Heat Exchanger 
Hertz 

Hose 

Hose, Wire Braided 
Housing 

Hydraulic Amplifier 


Hydraulic Filter 


Hydraulic Filter, 
Disposable 


Hydraulic Filter, 
Filtered By-Pass 


Hydraulic Filter, 
Full Flo 
Hydraulic Filter, 
Partial Flow 


Hydraulic Filter, 
Reservoir (Sump) 


Hydraulic Filter, 
Two-Stage 

Hydraulic Filter, By-Pass 
(Reserve) 

Hydraulic Filter, Dual 
Hydraulic Filter, Duplex 


Hydraulic Filter, Fill Cap 
Hydraulic Filter, In-Line 
Hydraulic Filter, 

L-Type 

Hydraulic Filter, Manifold 
Hydraulic Filter, Modular 


Hydraulic Filter, T-Type 
Hydraulic Filter, Wash 


Hydraulic Filter, У-Туре 


Hydraulic Horsepower 
Hydraulic Motor 


Hydraulit Motor, Fixed 
Displacement 


Hydraulic Motor, Linear 


The height of a column or body of fluid above a given point. 

The static head from the centerline of the pump to the free discharge surface. 

The head from the surface of the supply source to the centerline of the pump. 
The static head from the|surface of the supply source to the free discharge surface. 


The equivalent head through which the liquid would have to fall to attain a given 
velocity. Mathematically it is equal to the square of the velocity (in feet) divided by 
64.4 feet per second squared. 


A device which transfers heat through a conducting wall from one fluid to another. 
A unit of frequency formerly expressed as cycles per second. 1 hz = | cps. 

A flexible line, consisting of a cover, a layer of reinforcement and an inner tube. 
Hose consisting of a flexible material reinforced with woven wire braid. 

A ported enclosure which directs the flow through the filter element. 


A fluid device which enables one or more inputs to control a source of fluid power 
and thus is capable of delivering at its output an enlarged reproduction of the essen- 
tial characteristics of the input. Hydraulic amplifiers may utilize sliding spools, no 
nozzle-flappers, jet pipes, etc. 

A device whose primary function is the retention by porous media of insoluble con- 
taminants from a liquid. 


A hydraulic filter which is intended to be discarded and replaced after one 
service cycle. 


A hydraulic filter in which by-pass flow is filtered through a reserve filter element. 
A hydraulic filter which filters all influent flow. 

A hydraulic filter which filters a portion of the influent flow. 

A hydraulic filter installed in a reservoir in series with a suction or return line. 

A hydraulic filter having two filter elements in series. 


A hydraulic filter which provides an alternate unfiltered flow path around the filter 
element when a preset differential pressure is reached. 

A hydraulic filter having two filter elements in parallel. 

An Assembly of two hydlaulic filters with valving for selection of either or both 
filters. 

A hydraulic filter which covers the fill opening to the reservoir and filters makeup 
fluid. | 

A hydraulic filter in which the inlet, outlet, and filter element axis are in a straight 
line. 

A hydraulic filter in which the inlet and outlet port axis are at right angles, and the 
filter element axis is parallel to either port axis. 

A hydraulic filter containing multiple ports and integral related components whick 
services more than one hydraulic circuit. 

A hydraulic filter which mounts to or within a manifold or subplate with flow 
passages at the interface. 


A hydraulic filter in which the inlet and outlet ports are located at one end of the 
filter with port axis in a straight line, and the filter element axis is perpendicular to 
this line. 

A hydraulic filter in which a larger unfiltered portion of the fluid flowing parallel to 
the filter element axis is used to continuously clean the influent surface which filters 
the lesser flow. 


A hydraulic filter in which the inlet and outlet port axis are in a straight line, and the 
filter element axis is an acute angle to this line. 


Horsepower computed from flow rate and pressure differential. 


A device which converts hydraulic fluid power into mechanical force and motion. It 
usually provides rotary mechanical motion. 


A hydraulic motor in which the displacement per unit of output motion cannot be 
varied. 


A fluid power cylinder providing reciprocating motion. 





Hydraulic Motor, Rotary 
Hydraulic Motor, Rotary, 
Limited 

Hydraulic Motor, Variable 
varied. 

Hydraulic Pump 


Hydraulic Pump, 
Axial Piston 


Hydraulic Pump, 
Centrifugal 


Hydraulic Pump, 
Centrifugal, Diffuser 
(Concentric) 


Hydraulic Pump, 
Centrifugal, Perpheral 


Hydraulic Pump, 
Centrifugal, Volute 
(Spiral) 

Hydraulic Pump, 
Reciprocating Duplex 
Hydraulic Pump, 
Reciprocating Piston 
Hydraulic Pump, 
Reciprocating Single Piston 
Hydraulic Pump, Fixed 
Displacement 


Hydraulic Pump, Gear 
housing. 


Hydraulic Pump, Hand 


Hydraulic Pump, Multiple 
Stage 


Hydraulic Pump, Radial 
Piston 


Hydraulic Pump, Screw 
Hydraulic Pump, Vane 


Hydraulic Pump, Variable 
Displacement 


Hydraulics 
Hydrodynamics 
Hydrokinetics 
Hydropneumatics 
Hydrostatics 
Impingement 


Incompatible Fluids 


Indicator 

Indicator, By-Pass 
Indicator, Differential 
Indicator, Pressure 
Influent 

Input Current 
Inside-Out Flow 


Intensifier 
Intercooler 


A hydraulic motor capable of continuous rotary motion. 
A hydraulic rotary motor having limited motion. 


A hydraulic motor in which the displacement per unit of output motion can be 


A device which converts mechanical force and motion into hydraulic fluid power. 
A hydraulic pump having multiple pistons disposed with their axis parallel. 


A hydraulic pump which produces fluid velocity and converts it to pressure head. 


A centrifugal hydraulic pump in which fluid enters at the center of the impeller, is 
accelerated radially, and leaves through vanes arranged to provide a gradually 
enlarging flow passage. 

A centrifugal hydraulic pump in which fluid enters, follows, and leaves the periphery 
of the impeller. 


A centrifugal hydraulic pump in which fluid enters at the center of the impeller, is 
accelerated radially, and leaves through a gradually enlarging flow passage. 


A hydraulic pump having two reciprocating pistons. 

A hydraulic pump having two reciprocating pistons. 

A hydraulic pump having a single reciprocating piston. 

A hydraulic pump in which the displacement per cycle cannot be varied. 

A hydraulic pump having two or more intermeshed rotating members enclosed in a 


A hand operated hydraulic pump. 
Two or more hydraulic pumps in series. 


A hydraulic pump having multiple pistons disposed radially actuated by an eccentric 
element. 


A hydraulic pump having one or more screws rotating in a housing. 
A hydraulic pump having multiple radial vanes within a supporting rotor. 
A hydraulic pump in which the displacement per cycle can be varied. 


Engineering science pertaining to liquid pressure and flow. 

Engineering science pertaining to the energy of liquid flow and pressure. 
Engineering science pertaining to the energy of liquids in motion. 
Pertaining to the combination of hydraulic and pneumatic fluid power. 
Engineering science pertaining to the energy of liquids at rest. 


The direct high velocity impact of the fluid flow upon or against any internal portion 
of the filter. 


Fluids which when mixed in a system, will have a deleterious effect on that system, 
its components, or its operation. 


A device which provides external visual evidence of sensed phenomena. 
An indicator which signals alternate flow. 

An indicator which signals the difference in pressure at two points. 

An indicator which signals pressure conditions. 

The fluid entering a component. 

The current to the servovalve which commands control flow. 


A filter element designed for normal flow outward and perpendicular to the axis of 
the filter element. 


A device which converts low pressure fluid power into higher pressure fluid power. 


A device which cools a gas between the compressive steps of a multiple stage 
compressor. 
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Interface 
Jet Action 


Joint 

Joint, Rotary 
Joint, Swivel 
Joule 

Joule Per Second 


Kelvin 

Kilogra : 

Kilopond 

Lantern Ring (Seal Cage) 


Lift 





Lift, Static Suction 
Line 

Line, Drain 

Line, Exhaust 
Line, Pilot 

Line, Suction 


Line, Working 
Linear Scale Reticule 


Lines, Joining 
Lines, Passing 


Liter 


Liter per Minute 


Liter per Revolution 


Logic Devices 


Logical State 


Longest Dimension 
Lubricator 


Lug (Foot) 


Magnetic 


Manifold 
Manifold, Vented 
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A Point or component where a transition is made between medium, power levels, 
modes of operation, etc. 


A valve design in which flow effect is controlled by the relative position of a nozzle 
and a receiver. 


A line positioning connector. 

A joint connecting lines which have relative operational rotation. 

A joint which permits variable operational positioning of lines. 

A unit of work, energy, or heat. (1 J (joule) = 1 Nm/Newton meter). 


A unit of power, i.e. the rate of doing work. 1 J/s (joule per second) = 1 W (watt). 1 
Kw (kilowatt) = 10- J/s = 1.34 НР. 


Absolute temperature scale in the metric system. See Celsius, the preferred system. 
°C + 273.15 = °K. 


A unit of mass. 1 kg = 2.20 pounds. 


А unit of force used in Germany and equal to 1 kg (f) - (kilogram, force). It is 
generally expressed per square centimeter to produce a unit of pressure. | kp/cm? = 1 
kg (f) /cm? — 14.22 psig approximately. 

A ring in line with a port in a gland to introduce a lubricant or coolant to the pack- 
ing and stuffing box. 


The height of a column or body of fluid below a given point expressed in linear 
units. Lift is often used to indicate vacuum or pressure below atmosphere. 


The lift from the centerline of the pump to the surface of the supply source. (See 
Head, Static Suction.) 

A tube, pipe or hose for conducting fluid. 

A line returning leakage fluid independently to the reservoir or vented manifold. 
A line returning power or control fluid back to the reservoir or atmosphere. 

A line which (conducts control fluid. 


A supply line at sub-atmospheric pressure to a pump, compressor, or other 
component. 


A line which conducts fluid power. 


A reticule having a straight scale marked to permit measurement or estimation of 
distance or length. 


Lines which connect in a circuit. 

Lines which cross but do по! connect in a circuit. 

A unit of volume. 1 1 (liter) = 1000 cm? (cubic centimeters) = 61 in? (cubic inches) 
d Uma = 0.264 US. gallons approximately. 

A unit of volumetric flow rate. 1 1/min (liter per minute) = 10-3 m3/min (cubic 
meters per minute) = 1.02 in; (cubic inches per second) — 0.264 U.S. gal/min 
(gallons per minute). 

A unit of volumetric capacity. 1 1/rev (liter per revolution) 10 -3 m3/rev (cubic meters 
per revolution) = 61.0 in; итеу (cubic inches per revolution). 

The general category of components which perform logic functions; for example, 


AND, NAND, OR, and NOR. This can permit or inhibit signal transmission with 
certain combinations of control signals. 

Signal levels in logic devices are characterized by two stable states, the logical 1 (one) 
state and the logical 0 (zero) state. The designation of the two states is chosen 
arbitrarily. Commonly thg logical 1 state represents an “on” signal, and the 0 state 
represents an “off” signal. 

The greatest dimension of a particle equivalent to the diameter of a sphere enclosing 
the particle when tangent at a minimum of two points. 

A device which adds controlled or method amounts of lubricant into a fluid power 
system. 

A mounting device consisting of a block extending past the basic cylinder profile. 
The block usually has a tapped or through mounting hole at right angles to the 
cylinder axis. 

A filter element which in addition to its filter medium has a magnet or magnets 
incorporated into its structure to attract and hold ferromagnetic particles. 

A conductor which provides multiple connection ports. 


A manifold which is open to the atmosphere and returns fluid to the reservoir. 


Maximum Excursion 


Maximum Inlet Pressure 
Mean Filtration Rating 
Medium 

Meter 

Meter, Flow 

Metric System 


Micrometer (Micron)** 
Deprecated 

Microscope Gating 
Microscopic 


Microscopic Filar Eyepiece 


Migration 
Migration, Abrasion 


Migration, Built-In Dirt 
Migration, Contaminant 
Migration, Media 
Modular (Plug-In) 
Muffler 

NAND Device 
Neutralization Number 
Newt 

Newton 

Nipple 

Noise, Fluidic 

Nominal Filtration Rating 
Non-Combustible Residue 


Non-Volatile Residue 
Non-Woven 
NCR Device 


NOT Device 


Open Area 
Open Area Ratio 


Operating Band 


Optical Density 


The maximum pressure deviation from the operating pressure after an abrupt 
disturbance. 


The maximum rated gage pressure applied to the inlet port of the regulator. 

A measurement of the average size of the pores of the filter medium. 

The porous material that performs the actual process of filtration. 

A unit of length. 1 m (meter) = 39.37 in (inch) = 25.4 mm (millimeters) exactly. 
A device which indicates either flow rate, total flow, or a combination of both. 


A decimal system based on the meter and kilogram, which varies somewhat between 
Countries. See SI System. 


Unit of measurement one millionth of a meter long, or approximately 0.00003937 
inch expressed in English units. 


A particle counting and sizing technique in which the image of the particles are 
moved through the linear scale of a reticule for counting and sizing. 


Particles whose diameter is below the threshold of normal vision, below forty 
micrometers for most individuals. 


A micrometer eyepiece containing a movable hairline connected to an external 
micrometer scale used to measure distance. 


Contaminant released downstream. 


Migration generated by parts that rub together and wear during vibration or shock 
induced by flow or other stimuli. 


Migration composed of foreign materials introduced during handling, storage, and 
fabrication. 

Migration due to unloading. 

Migration composed of the materials making up the filter medium. 


A filter element which has not separate housing of its own, but whose housing is 
incorporated into the equipment which it services. It may also incorporated a 
suitable closure for the filter cavity. 


A device for reducing gas flow noise. Noise is decreased by back pressure control of 
gas expansion. 


A control device which has its output in the logical 0 state if and only if all the con- 
trol signals assume the logical 1 state. 


A measure of the total acidity or basicity of an oil; this includes organic or inorganic 
acids, or bases, a combination thereof (ASTM Designation D974-64). 


The standard unit of kinematic viscosity in the English system. It is expressed in 
square inches per second. 


A unit of force based on the unit of mass, Kg (kilogram), multiplied by the accelera- 
tion, m/s? (meters per second per second) which produces Kgm/s?called the Newton. 
ІМ = 1 Kgm/s? = 0.225 Ib (f). 


A short length of pipe or tube. 


RMS of random pressure variations with respect to the operating pressure defined in 
terms of a signal-to-noise ratio. 


An arbitrary micro-meter value indicated by the filter manufacturer. Due to lack of 
reproducibility this rating is deprecated. 


Matter not changed to gaseous state when laboratory membranes are ashed at 
1500” Е. 


The residue remaining on laboratory ware after Ше solvent or fluid has evaporated. 
A filter medium composed of a mat of fibers. 

A control device which has its output in the logical state 1 state if and only if all the 
control signals assume the logical O state. 

A control device which has its output in the logical 1 state if and only if the control 
signal assumes the logical 0 state. The NOT device is a single input NOR device. 
The pore area of a filter medium often expressed as a percent of total area. 

The ratio of pore area to total area of a filter medium expressed as a percent of total 
area. 

The range of pressure above and below the operating pressure within which it is 
desired to keep the supply output. 

A method of expressing degree of contamination of a fluid by removal of contami- 


nant by filtration and measuring change in optical transmission of the filter disc or 
fluid, or both. 


| 
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OR Device 


Outer Wrapper 
Output Stage 
Outside-In Flow 


Oxidation 
Packing 


Packing, “U” 
Packing, “V” 
Packing, “W” 
Packing, Coil 
Panel 

Panel Mounting 
Particle 


Particle Count Blank 


Particle Size Distribution 


Pascal’s Law 
Passage 


Patch Test 


Permeability 
Petroleum Fluid 
Phase 


Phase, Dwell 


Phase, Feed 
Phase, Neutral 
Phase, Rapid Advance 


Phase, Rapid Return 


Pilot Line 
Pinched Pleat 


Pipe 


Pipe Thread 
Pipe Thread, Dryseal 
Pipe Thread, Tapered 


Plain 
Pleated poe 


Pleats (Corrugations) 
Pneumatics 
Poise 
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А control ӨШСЕ which has its output in the logical 0 state if and only if all the con- 
trol signals assume the logical O state. 


A permeable enclosure which protects the filter medium. 
The final state of hydraulic amplification used in a servovalve. 


A filter element designed for normal flow perpendicular and toward the axis of the 
filter element. 


The interaction of air and moisture on the surface of a mechanical element. 


A sealing device consisting of bulk deformable material or one or more mating 
deformable elements, reshaped by manually adjustable compression to obtain and 
maintain effectiveness. It usually uses axial compression to obtain radial sealing. 


A packing in which the deformable element has a *U" shaped cross-section. 
A packing in which the deformable element has а “У” shaped cross-section. 
A packing in which the deformable element has а “W” shaped cross-section. 
Packing in coil form. 

A plate or a surface for mounting components. 

A panel on which a number of components may be mounted. 


A minute piece of matter with observable length, width, and thickness; usually 
measured in micrometers, 


An allowance for the determinable background contamination. 


The tabular or graphical listing of the number particles according to particle size 
ranges. 


A pressure applied to a confined fluid at rest is transmitted with equal intensity 
throughout the fluid. 


A machined ог cored fluid-conducting path which lives within or passes through a 
component. 


Any method (о evaluating fluid contamination wherein the sample is passed through 
a standardized laboratory filter, and the change in color, reflectivity, etc., of the 
laboratory filter is compared with previously established standards. 


The relationship of flow per unit area to differential pressure across a filter medium. 
A fluid composed of petroleum oil. It may contain additives. 


A distinct functional operation during a cycle. Some typical sequential phases are: 
neutral, rapid advance, feed or pressure stroke, dwell and rapid return. 


The phase of cycle where a specified motion is stopped for a pre-determined length 
of time. 


The phase of a cycle where work is performed on the workpiece. 
The phase of a cycle from which the work sequence begins. 


The phase of a cycle where tools or workpiece approach at high speed to the feed 
position. 

The phase of a cycle where tools or workpiece return at high speed to the cycle star- 
ting position, 

A filter located in a line conducting fluid to a control device or devices. 


A pleat closed off by excessive differential pressure or crowding, thus reducing the 
effective area of the filter element. 


A line whose outside diameter is standardized for threading. Pipe is available in 
Standard, Extra Strong, Double Extra Strong or Schedule wall thickness. 


Screw threads for joining pipe. 
Pipe threads in which sealing is a function of root and crest interference. 


Pipe threads in which the pitch diameter follows a helical cone to provide in- 
terference in tightening. 


A filter element whose medium is not pleated or otherwise extended and has the 
geometric form of a cylinder, cone, disc, plate, etc. 


A filter element whose medium consists of a series of uniform folds and has the 
geometric fotm of a cylinder, cone, disc, plate, etc. 


A series of folds in the filter medium usually of uniform height and spacing. 
Engineering science pertaining to gaseous pressure and flow. 


The standard unit of absolute viscosity in the c.g.s. (centimeter-gram-second) system. 
It is the ratio of the shearing stress to the shear rate of a fluid and is expressed in 
dyne seconds per square centimeter; 1 centipoise equals. 01 poise. 





Роге Size Distribution 


Porosity (Void Fraction) 


Port 


Port-to-Port Dimension 


Port, Bias 
Port, Bleed 
Port, Control 
Port, Cylinder 


Port, Differential 
Pressure 


Port, Discharge 
Port, Drain 


Port, Exhaust 

Port, Fill 

Port, Inlet 

Port, Outlet (Output) 
Port, Pipe 

Port, Plain *0" Ring 
Port, Pressure 

Port, SAE 


Port, Suction 

Port, Supply 

Port, Tank (Reservoir) 
(Return) 

Port, Vent 

Pour Point 


Power Capacity 
Power Supply 

Power Unit 
Precipitate 
Precipitation Number 
Precoat 


Precooler 
Pressure 

Pressure Line 
Pressure Vessel 
Pressure, Absolute 


Pressure, Atmospheric 


Pressure, Back 
Pressure, Breakloose 
Pressure, Burst 
Pressure, Charge 


The ratio of the number of holes of a given size to the total number of holes per unit 
area expressed as a percent and as a function of hole size. 


The ratio of pore volume to total volume of a filter medium expressed as a percent. 
An internal or external terminus of a passage in a component. 

The distance between two ports measured from face to face or between center lines. 
The port at which a biasing signal is applied. 

A port which provides a passage for the purging of gas from a system or component. 
A port which provides passage for a control signal. 

A port which provides a passage to or from an actuator. 


A port(s) which provides a passage to the upstream and downstream sides of 
a component. 


A port which provides a passage for fluid power to the system. 


A port for removal of fluid from a component, open to atmosphere, or connected to 
an unrestricted line. 


A port which provides a passage to the atmosphere. 

A port which provides a passage for filling purposes. 

А port which provides a passage for the influent. 

A port which provides a passage for the effluent. 

A port which conforms to pipe thread standards. 

A port which usea an “0” ring in a groove located on the port face. 
A port which provides a passage from the source of fluid. 


A straight thread port used to attach tube and hose fittings. It employs an “0” ring 
compressed in a wedge-shaped cavity. A standard of the Society of Automotive 
Engineers J514 and ANSI/BI116.1. 


A port which provides a passage for atmospheric charging of a pump or compressor. 
The port at which power is provided to an active device. 
А port which provides a passage to the fluid source. 


A port which provides a passage to ambient conditions. 


The lowest temperature at which a liquid will flow under specified conditions (ASTM 
Designation D97-66). 


The total volume of gas available at the operating pressure (applies to compressed 
gas storage supply source). 


That component or group of components which supplies and processes the fluid for 
operating fluidic systems. 


A combination of pump, pump drive, reservoir, controls and conditioning com- 
ponents which may be required for its application. 


Particles separated from a fluid as a result of a chemical or physical change. 


The number of milliliters of precipitate formed when 10 ml. of lubricating oil are 
mixed with 90 ml. of ASTM Precipitation naphtha and centrifuged under prescribed 
conditions (ASTM Designation D91-61). 


A filter medium in loose powder form (such as Fuller's or diatomaceous earth) in- 
troduced into the upstream fluid to condition a filter element. 


A device which cools a gas before it is compressed. 

Force per unit area, usually expressed in pounds per square inch. 

A filter located in a line conducting working fluid to a working device or devices. 
A container which holds fluid under pressure. 


The pressure above zero absolute, i.e, the sum of atmospheric and gage pressure. In 
vacuum related work it is usually expressed in millimeters of mercury (mm Hg), or 
inches of mercury (in Hg). 


Pressure exerted by the atmosphere at any specific location. (Sea level pressure is 
approximately 14.7 pounds per square inch absolute). 


The pressure encountered on the return side of a system. 

The minimum pressure which initiates (Backout) movement. 

The pressure which creates loss of fluid through the component envelope. 
The pressure at which replenishing fluid is forced into a fluid power system. 
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Pressure, Cracking 
Pressure, Differential 
Pressure, Gage 
Pressure, Head 


Pressure, Maximum Inlet 
Pressure Operating 
Pressure, Override 


Pressure, Peak 
Pressure, Pilot 
Pressure, Precharge 
Pressure, Proof 


Pressure, Rated 


Pressure, Shock 
Pressure, Static 
Pressure, Suction 
Pressure, Surge 
Pressure, System 


Pressure, Vapor 


Pressure, Working 
Primary 


Pump Intake Line 


Pump Intake Line, 
Supercharge 

Pump Ini ake Line, Suction 
Quick те" 


Quick Disconnect, 
Break-Away 


Quick Disconnect, 
Un-Valves* *Deprecated 


Quick Disconnect, Valved 


Quick, Disconnect, One 
Valve 


Quiescent Current 


Rabbet 


Rated Current 


Rated Flow 


Raw Count 

Reduced Pressure Range 
Regulator Characteristic 
Curve 

Regulator, Air Line 
Pressure 
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The pressure|at which a pressure operated valve begins to pass fluid. 
The difference in pressure between any two points of a system or a component. 
Pressure differential above or below atmospheric pressure. 


The pressure due to the height of a column or body of fluid. It is usually expressed 
in feet. 


The maximum rated gage pressure applied to the inlet. 
The pressure at which a system is operated. 


The difference between the cracking pressure of a valve and the pressure reached 
when the valve is passing full flow. 


The maximum pressure encountered in the operation of a component. 
The pressure in the pilot circuit. 
The pressure о? compressed gas іп an accumulator prior to the admission of a liquid. 


The non-destructive test pressure in excess of the maximum rated operating pressure, 
which causes по permanent pressure, which causes no permanent deformation, ex- 
cessive exterrial leakage, or other malfunction. 


The qualified operating pressure which is recommended for a component or a system 
by the manufacturer. 


The pressure existing in a wave moving at sonic velocity. 
The pressure іп a fluid at rest. 

The absolute pressure of the fluid at the inlet of a pump. 
The pressure existing from surge conditions. 


The pressure which overcomes the total resistances in a system. It includes all losses 
as well as useful work. 


The pressure at a given fluid temperature, in which the liquid and gaseous phases are 
in equilibrium. 
The pressure which overcomes the resistance of the working device. 


The first filter element іп а series, or the main filter element of a filtered by-pass 
filter assembly. 


A filter pim и in a line conducting fluid to the pump inlet. 
A pump intake line filter in which the fluid is above atmospheric pressure. 


A pump intake line filter in which the fluid is below atmospheric pressure. 

A coupling which can quickly join or separate a fluid line without the use of tools or 
special devices. 

A quick disconnect which provides automatic separation of the coupling halves when 


a predetermined axial force is applied. 
A quick disconnect with no shut-off valves. 


A quick disconnect with à shut-off valve in each half. 
A quick disconnect with à shut-off valve in one half only. 


А direct current that is present in each servovalve coil when using а differential coil 
connection, the polarity of the current in the coils being in opposition such that no 
electrical control power exists. 

A mounting device which uses matching male and female forms (usually coaxial 
circular) between the cylinder and its mating element. 

The specified | servovalve input current of either polarity to produce rated flow. Rated 
current must be specified for a particular coil connection differential, series, or 
parallel, and does not include null bias current. 

The maximum flow that the power supply system is capable of maintaining at a 
specific operating pressure. 

The actual number counted in each particle size range in a given sample. 

The adjustment range of the regulator. 

The change in regulated (secondary) pressure occurring as result of a change in the 
supply (primary) pressure to a regulator. 

A regulator which tranaforms a fluctuating air pressure supply to provide a constant 
lower pressure output. 





Regulator, Constant Bleed 


Air Line Pressure 


Regulator, Pressure 
Relieving Air Line 


Relief Charactaristic Curve 


Reserve Capacity 
Reservoir 

Reservoir, Atmospheric 
Reservoir, Hydraulic 
Reservoir, Non-Integral 


Reservoir, Pressure Sealed 


Reservoir, Sealed 
Reservoir, Top Mounted 
Residual Dirt Capacity 


Response Time 
Restrictor 
Restrictor, Choke 


Restrictor, Orifice 


Return Line 
Reversal, Position 


Reversal, Pressure 
Reyn 


Reynolds Number 


Ring, “0” 
Ring, “U” 
Ring, “V” 
Ring, “W” 
Ring, Wiper 
Ring, Piston 


Ring, Scraper 
Ripple 


Rise Rate 
Root 
Scoring 


Scoring Size 


Seal 

Seal, “0” Ring 

Seal, Axial (End) (Face) 
(Shoulder) 

Seal, Cup 


An air line pressure regulator that depends upon a bleed to atmosphere for proper 
operation. 


An air line pressure regulator which automatically vents over-pressures applied to the 
regulated (secondary) pressure. 


The change in the relief flow rate in a relieving type air line regulator which occurs 
as a result of an increase in regulated (secondary) pressure over set pressure. 


The volume of air above the “high” mark of the level indicator. 

A container for storage of liquid in a fluid power system. 

А reservoir for storage of fluid media at atmospheric pressure. 

A reservoir for storing and conditioning liquid in a hydraulic system. 

An independent or removable reservoir. 

A sealed reservoir for storage of fluids under pressure. 

A reservoir for storage of fluids isolated from atmospheric conditions. 

A reservoir with provisions for mounting the pump and components on top. 


The dirt capacity remaining in a service loaded filter element after use, but before 
cleaning, measured under the same conditions as the dirt capacity of new filter 
element. 


The time required for effective transition. 
A device which reduces the cross-sectional flow area. 


A restrictor, the length of which is relatively large with respect to its cross-sectional 
area. 


A restrictor, the length of which is relatively small with respect to its cross-section 
area. The orifice may be fixed or variable. Variable types are non-compensated, 
pressure compensated, or pressure and temperature compensated. 

A filter located in a line conducting fluid from working devices to reservoir. 


A reversal of direction of movement initiated by a signal given at some predetermined 
point of movement. 


A reversal of direction of movement initiated by a signal responsive to rise in 
pressure. 


The standard unit of absolute viscosity in the English system. It is expressed in 
pound-seconds per square inch. 


A numerical ratio of the dynamic forces of mass flow to the shear stress due to 
viscosity. Flow usually changes from laminar to turbulent between Reynolds 
Numbers 2,000 and 4,000. 


A ring which has a round cross-section. 

A ring which has a “U” shaped cross-section. 

A ring which has а “V” shaped cross-section. 

A ring which has а “W” shaped cross-section. 

A ring which removes material by a wiping action. 


А piston sealing ring. It is usually one of a series and is often split to facilitate 
expansion or contraction. 


A ring which removes material by a scraping action. 


A periodic variation of the pressure above and below the operating pressure. It is 
defined as a percentage of the operating pressure in terms of the maximum peak-to- 
peak value obtained at the point of rating. 


The ration of pressure rise to time. 
The inner fold of a pleat. 


Scratches in the direction of motion of mechanical parts caused by abrasive 
contaminants. 


A particle whose dimensions are such that it is capable of entering a working 
clearance. 


(See Sealing Device) 
A sealing ring which has a round cross-section. 
A sealing device which seals by axial contact pressure. 


A sealing device with a radial base integral with an axial cylindrical projection at its 
outer diameter. 
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Seal, Diaphragm 
(Flat Diaphragm) 


Seal, Dished Diaphragm 





Seal, Dynamic 
Seal, Flange (Hat) 


Seal, Lip 

Seal, Lubricant 

Seal, Mechanical 

Seal, Oil 

Seal, Piston 

Seal, Pressured Actuated 
Seal, Radial 

Seal, Rod (Shaft) (Stem) 
Seal, Rotary (Shaft) 
Seal, Sliding 

Seal, Static (Gasket) 
Seal, ater 

Seal, Wiper 

Sealing Device (Seal) 


Seating Action 
Seating Action, Ball 
Seating Action, Diaphragm 


Seating Action, Disc 
(Globe) 

Seating Action, Disc, 
Swing 
Seating Action, Gate 


Seating Action, Gate, 
Spreader 


Seating Action, Gate, 
Wedge 


Seating Action, Needle 






Seating Action, Plug 
Seating | Action, Poppet 


Second Longest Dimension 
Secondary 

Self Cleaning 

Separator 


Separator, Adsorbent 


Separator, Centrifugal 


Separator, Coalescing 


Separator, Electrostatic 


Separator, Magnetic 
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A relatively thin, flat or molded sealing device fastened and sealed at its periphery 
with its inner portion free to move. 


A diaphragm in which the central area is depressed in a free state. It permits longer 
travel than а flat comparable diaphragm. 
A sealing device used between parts that have relative motion. 


A sealing device with a radial base integral with an axial projection at its inner 
diameter. 


A sealing device which has a flexible sealing projection. 

A sealing device which uses lubricant as a sealing barrier. 

A sealing device in which sealing action is aided by mechanical force. 

A sealing device which retains oil. 

A sealing device installed on a piston to maintain a sealing fit with a cylinder bore. 
A sealing device in which sealing action is aided by fluid pressure. 

A sealing device which seals by radial contact pressure. 

A sealing device which seals the periphery of a piston rod. 

A sealing device used between parts that have relative rotary motion. 

A sealing device used ееп parts that have relative reciprocating motion. 
A sealing device used between parts that have no relative motion. 

A sealing device which used water as a sealing barrier. 

A sealing device which operates by a wiping action. 


A device which prevents or controls the escape of a fluid or entry of a foreign 
material. 


A valve design in which flow is stopped by a seated obstruction in a flow path. 
A seating action valve design which uses a solid ball to obstruct the flow path. 
A seating action valve design which uses a diaphragm to obstruct the flow path. 
A seating action valve design which uses a disc to obstruct the flow path. 


A seating action valve design which uses a hinged disc to obstruct the flow path. 


A seating action valve design which uses a solid gate to obstruct the flow path. 


A gate valve which uses|two companion discs which are positively seated by common 
spreaders to obstruct the flow path. 


A gate valve which uses а solid wedge shaped gate to obstruct the flow path. 


obstruct the flow path. 
A seating action valve sien which uses a plug to obstruct the flow path. 


A seating action valve design in which the seating element pops open to obtain free 
flow in one direction and immediately reseats when flow reverses. 

The greatest dimensions perpendicular to the particle's longest dimension. 

The second of two filter elements in series. 

A filter element designed to be cleaned without removing it from the filter assembly. 
A device whose primary function is to isolate contaminants by physical properties 
other than size. 

A separator that retains certain soluble and insoluble contaminates by molecular 
adhesion. 

A ое removes nonmiscible fluid and solid contaminants that have a dif- 
ferent specific gravity than the fluid being purified by accelerating the fluid in a cir- 
cular path and using thé radial acceleration component to isolate these 
contaminants. 

A separator that divides a mixture or emulsion of two nonmiscible liquids using the 
interfacial tension between the two liquids and the difference in wetting of the liquids 
on a particular porous medium. 

A separator that removes contaminant from dielectric fluids by applying an electrical 
charge to the contaminant which is then attracted to a collection device of different 
electrical charge. 


A separator that uses a magnetic field to attract and hold ferromagnetic particles. 


A seating action valve nbi which uses an externally adjustable tapered closure to 





Separator, Two Phase 
Separator, Vacuum 


Servovalve 


Servovalve Control Flow 


Servovalve Phase Lag 


Servovalve, Electrohydraulic 


Servovalve, Electrohydraulic 


Flow Control 
Servovalve, Four-Way 


Servovalve, Three-Way 


Servovalve, Two-Way 
Shear Action 

Shear Action, Ball 
Shear Action, Plug 
Shear Action, Sliding 


Plate, Linear 


Shear Action, Sliding 
Plate, Rotary 


Shear Action, Sliding Plate 


Plate 

Shear Action, Spool 
(Plunger) 

Shell 

Shock Wave 

Side (Base) 

Side Seal 

Silencer 


Silt 
Silting 
Sintered 


Sloughing Off 
Sludge 
Specific Gravity 


Spring, Expander 
Spring, Finger (Lug) 
Spring, Garter 


Spring, Spreader 


Spring, Wave (Marcel) 
(Wave Washer) 


Stability, Chemical 


A separator that is capable of dividing a liquid and gas mixture. 


A separator that uses subatmospheric pressure to remove certain gases and liquids 
from another liquid because of their difference in vapor pressure. 


A valve which modulates output as a function of an input command. 


The flow through the servovalve control ports. Conventional test equipment normally 
measures no-load flow. 


The instantaneous time by which the servovalve sinusoidal flow follows the 
sinusoidal input current, measured at a specified frequency and expressed in degrees. 


A servovalve which is capable of continuously controlling hydraulic output as a func- 
tion of an electrical input. 


An electrohydraulic servovalve whose primary function is controll of output flow. 


A multi-orifice flow control valve with supply, return and two control ports arranged 
so that the valve action in one direction opens supply to control port £1 and opens 
control port#2 to return. Reversed valve action opens supply to control port #2 and 
opens control port #1 to return. 


A multi-orifice flow control valve with supply, return and one return and one control 
port arranged so that valve action in one direction opens supply to control port and 
reversed valve action opens the control port to return. 


A single orifice flow control valve with supply, and one control port arranged so that 
action is in one direction only, from supply to control port. 


A valve design in which flow is modulated by an element which slides across the flow 
path. 


A shear action valve design which uses a ported ball that rotates on an axis normal 
to the flow path. 


A shear action valve design which uses a ported plug that rotates on an axis normal 
to the flow path. 


A sliding plate shear action valve design in which the motion of the plate is linear. 
A sliding plate shear action valve design in which the motion of the plate is rotary. 
A shear action valve design which uses a plate that slides across the flow path. 

A shear action valve design which uses a spool that slides through the flow path. 


A structural form to which a sealing element is assembled or bounded. 
A pressure wave front which moves at sonic velocity. 

An envelope surface which is parallel to the piston rod centerline. 

The longitudinal seam of the filter medium in a filter element. 


A device for reducing gas flow noise. Noise is decreased by tuned resonant control of 
gas expansion. 


Fine particulate matter, generally less than five micrometers in size. 
An accumulation of fine particles at a specific location in a fluid system. 


A metallic or non-metallic filter medium processed to cause diffusion bonds at all 
contacting points. 


The release of contaminant from the upstream surface of a filter element to the 
upstream side of the filter enclosure. 


Particulate contaminant or a mixture of a particulate and liquid contaminant 
separated from the fluid in an unconsolidated state. 


The ratio of the weight of a given volume of material or liquid to the weight of an 
equal volume of water. 


A spring which produces outward radial force. 
A spring with flexible fingers which produce force. 


A compression or tension ring formed from helical wire spring with connected ends 
to produce force. 


A spring which produces sealing force against both lips of “U” or “У” seals. 
A compression spring of waved configuration which produces force. 


Resistance to chemical change. 
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Stability, Hydrolytic 


Stability, Oxidation 
Stability, Thermal 
Stage 


Standard 


Standard Air 


Start-Up Time 


Starvation 
Steady State Pressure 


Regulation 
Stoke 


Stop, Positive Position 
Stop, Positive Safety 
Stuffing Box 

Subplate (Back Plate) 





Surface Tension 


Surge 
Switch, Float 
Switch, Flow 

Switch, Pressure 
Switch, Pressure 
Symbol, Fluid Power 


Symbol, Graphical 
(Schematic) 


Symbol. Pictorial 


mal Combination 
Symbol, Cutaway 


Synthetic Fluid 
Synthetic Fluid 


Synthetic Fluid 
Halogehtated 
Synthetic Fluid 
Phosphate Ester 
Synthetic Fluid 
йй ЭУР Ester Base 
Synthetic Fluid 
Silicate Ester 


Synthetic Fluid, Polyglycol 
Synthetic Fluid, Silicone 


Tank 
Tank, Air-Oil 
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Resistance to permanent changes in properties caused by chemical reaction with 
water. 


Resistance to permanent changes caused by chemical reaction with oxygen. 
Resistance to permanent changes caused solely by heat. 


A hydraulic amplifier used in a servovalve. Servovalve may be single stage, two stage, 
three stage, etc. 


A document, or an object for physical comparison, for defining product 
characteristics, products, or processes: prepared by a consensus of a properly con- 
stituted group of those substantially affected and having the qualifications to prepare 
the standard for voluntary use. 


Air at a temperature of 68°F, a pressure of 14.70 pounds per square inch absolute, 
and a relative humidity of 36% (0.0750 pounds per cubic foot). In gas industries, the 
temperature|of "standard air" is usually given as 60°F. 


The period of time needed to reach a steady state condition within the operating 
band starting from a long term off condition. 


Insufficient filter effluent to allow proper functioning of downstream components. 


А band indicating maximum and minimum deviation indicated in percent of 
operating pressure, all 
as a function of flow. 


The standard unit of kinematic viscosity in the c.g.s. (centimeter-gram-second) 
system. It is expressed in square centimeters per second; 1 centistoke equals .01 stoke. 


A structural member which accurately stops motion. 

A structural member which confines maximum travel to safe limits. 

A cavity and closure for sealing device. 

An auxiliary ported plate for mounting components. 

A filter medium which primarily retains contaminent on the influent face. 


The centractile surface force of a liquid in contact with a fluid by which it tends to 
assume a spherical form and to present the least possible surface. It is expressed in 
pounds per foot or dynes per centimeter. 


A transient rise of pressure or flow. 

An electric switch which is responsive to liquid level. 
An electric switch operated by fluid flow. 

An electric switch operated by fluid pressure. 

An electric switch operated by a difference in pressure. 


| 


А КӨ тө of the characteristics of a fluid power component by means of lines 
on a flat surface. 


A simplified symbol which indicates essential characteristics applicable to all similar 
components. 


А symbol showing the actual shape of a component according to the manufacturer's 
description. 


A symbol which combines graphical, cutaway, and pictorial representations. 


A symbol showing principal internal parts, controls and actuating mechanisms, inter- 
connecting lines, and functions of a component. 


Fluid which has been artificially compounded for use in a fluid power system. 


A fluid composed of esters which are compounds of carbon, hydrogen, and oxygen 
only. It may contain additives. 


A fluid composed of halogenated organic materials. It may contain additives. 
A fluid composed of phosphate esters. It may contain additives. 
A fluid which contains a phosphate ester as one of the major components. 


A fluid composed of organic silicates. It may contain additives. 


A non-aqueous fluid composed of polyglycol derivatives. It may contain additives. 
A fluid composed of silicones. It may contain additives. 

A container for the storage of fluid in a fluid power system. 

A tank in which pressurized air is used to force oil into the outlet port. 


Tank, Vacuum 
Tie Rod 


Toricelli’s Theorem 
Torque Motor 
Torr 

Tortuosity 


Total Area 
Total Statistical Count 
Transient Recovery Time 


Trunnion 


Tube 
Two-Stage 
Unloading 
Vacuum 


Vacuum Pump 


Valve 
Valve Actuator 


Valve Actuator, Manual 
Valve Actuator, Mechanical 


Valve Actuator, Pilot 

Valve Actuator, Pilot 
Differential Area 

Valve Actuator, Pilot 
Barrier 

Valve Actuator, Pilot 
Differential Pressure 

Valve Actuator, Pilot 
External 

Valve Actuator, Pilot 
Internal 

Valve Actuator, Pilot 
Solenoid Controlled 

Valve Actuator, Solenoid 
Valve Flow Condition 

Valve Flow Condition, 
Closed 

Valve Flow Condition, 
Regenerative 

Valve Flow Condition, 
Tandem 

Valve Flow Condition, Float 
Valve Flow Condition, Hold 
Valve Flow Condition, Open 


Valve Mounting 


A tank for gas at less than atmospheric pressure. 


An axial external cylinder element which traverse the length of the cylinder. It is 
prestressed at assembly to hold the ends of the cylinder against the tubing. Tie rod 
extensions can be a mounting device. 


The liquid velocity at an outlet discharging into the free atmosphere is proportional 
to the square root of the head. 


A type of electromechanical transducer having rotary motion used in the input stages 
of servovalves. 


A unit of absolute pressure less than atmospheric pressure, equivalent to 1 mm. Hg. 
It is used primarily to describe a vacuum 25 mm. Hg absolute or less. 


The ratio of the average effective flow path length to minimum theoretical flow path 
length (thickness) of a filter medium. 


The entire area of a porous medium, whether effective or not, in a filter element. 
The raw count multiplied by a counting calibration factor. 


The period of time required for an abrupt change in the power supply output 
pressure to dampen out to within the operating band. 


A mounting device consisting of a pair of opposite projecting cylindrical pivots. The 
cylindrical pivot pins are at right angle or normal to the piston rod centerline to per- 
mit the cylinder to swing in a plane. 


A line whose size is its outside diameter. Tube is available in varied wall thicknesses. 
A filter element assembly composed of two filter elements or media in series. 
The release of contaminant that was initially captured by the filter medium. 


Pressure less than atmospheric pressure. It is usually expressed in inches of mercury 
(in. Hg) as referred to the existing atmospheric pressure. 


A device which uses mechanical force and motion to evacuate gas from a connected 
chamber to create sub-atmospheric pressure. 


A device which controls fluid flow direction, pressure, or flow rate. 


The valve part(s) through which force is applied to move or position flow-directing 
elements. 


A valve actuator consisting of a hand lever, palm button, foot treadle, or other 
manual energizing devices. 


A valve actuator consisting of a cam, lever, roller, screw, spring, stem, or other 
mechanical energizing devices. 


A valve actuator which uses pilot fluid. 
A pilot valve actuator wherein pilot fluids act on unequal areas. 


A pilot valve actuator wherein the working fluid is isolated from the actuator. 

A pilot actuator wherein pilot fluid acts at unequal pressure. 

A pilot valve actuator wherein fluid is received from an external source. 

A pilot valve actuator wherein pilot fluid is received from within the valve. 

A pilot valve actuator wherein pilot fluid is controlled by the action of one or more 
solenoids. 

A valve actuator which uses one or more solenoids. 


A flow pattern in a directional control valve. 
All ports are closed. 


Working ports are connected to supply. 
Working ports are blocked and supply is connected to the reservoir port. 


Working ports are connected to exhaust or reservoir. 

Working ports are blocked to hold a powered device in a fixed position. 
All ports are open. 

The mounting characteristics of a valve. 


— 


general data 


k (a-23) 





Valve Mounting, Base 
Valve Мршише, Line 
Valve Mounting, Manifold 


Valve Mounting, Sub-plate 
Valve Position 


Valve Position, Center 
Valve Position, Detent 


Valve Position, Normal 
Valve Position, Offset 
Valve Position, Return 
Valve, Air 

Valve, Decompression 


Valve, Directional 
S Onion Check 


Valve, Directional 
Control, Four Way 


| 
Valve, Directional 
Control, Selecter 
(Diversion) 


Valve, Directional 
Control, Straightway 


Valve, Directional 
Control, Three Way 


| 
Valve, Directional Control 


Valve, Flow Control 
(Flow Metering) 


Valve, F low Control 
Deceleration 


Valve, Flow Control 
Pressure Compensated 


Valve, Flow Control 
Pressure Compensated 


Valve, Flow Control 
Pressure-Iemperature 
Compensated 


Valve, Flow Dividing 
Valve, Flow Dividing 
Pressure Compensated 
Valve, Four Positions 


Valve, Hydraulic 
Valve, Load Dividing 
Valve, Pilot 

Valve, Pneumatic 
Valve, Prefill 


Valve, Pressure Control 
Valve, Counterbalance 


Valve, Pressure Reducing 
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The valve is mounted to a plate which has top and side ports. 
The valve is mounted directly to system lines. 


The valve is mounted to a plate which provides multiple connection ports for two or 
more valves. 


The valve is mounted to a plate which provides straight-through top and bottom 
ports. 


The point at: which flow directing elements provide a specific flow condition in a 
valve. 


The selective mid-position in a directional control valve. 


A predetermined position maintained by a holding device acting on the flow- 
direction elements of a directional control valve. 


The valve position when|signal or actuating force is not being applied. 
An off-center position in a directional control valve. 

The initial valve position. 

A valve for controlling air. 


A pressure control valve that controls the rate at which the contained energy of the 
compressed is released. 


A directional control valve which permits flow of fluid in only one direction. 


A directional control valve whose primary function is to pressurize and exhaust two 
ports. 


A directional control valve whose primary function is to selectively interconnect two 
or more ports. 


A two port directional control valve. 


A directional control valve whose primary function is to pressurize and exhaust a 
port. 


A valve whose primary function is to direct or prevent flow through selected 
passages. 


A valve whose primary function is to control flow rate. 
A flow control valve which gradually reduces flow rate to provide deceleration. 
A flow control valve which controls the rate of flow independent of system pressure. 


A pressure compensated flow control valve which controls the rate of flow indepen- 
dent of system pressure. 


A pressure compensated flow control valve which controls the rate of flow indepen- 
dent of fluid temperature. 


A valve which divides И flow from a single source into two or more branches. 


A flow dividing valve which divides the flow at constant ratio regardless of the dif- 
ference in the resistances| of the branches. 


A directional control valve having four positions to give four selections of flow 
conditions. 


A valve for controlling liquid. 

A pressure control valve used to proportion pressure between two pumps in series. 
A valve applied to operate another valve or control. 

A valve for controlling gas. 


A valve which permits full flow from a tank to a “working” cylinder during the ad- 
vance portion of a cycle, permits the operating pressure to be applied during the 
working portion of the cycle, and permits free flow from the cylinder to the tank 
during the return portion of the cycle. 


A valve whose primary function is to control pressure. 


A pressure control valve which maintains back pressure to prevent a load from 
falling. | 


А pressure control valve whose primary function is to limit outlet pressure. 


Valve, Priority 


Valve, Relief 
Valve, Relief, Safety 


Valve, Sequence 
Valve, Shutoff 
Valve, Shuttle 


Valve, Surge Damping 
Valve, Three Positions 


Valve, Time Delay 
Valve, Two Positions 
Valve, Unloading 
Varnish 

Viscosity 

Viscosity Index 
Viscosity, Absolute 


Viscosity, Kinematic 


Viscosity, SAE Number 


Viscosity, SUS 


Wash 


Water Glycol Fluid 
Wound 


Woven 


A valve which directs flow to one operating circuit at a fixed rate and directs excess 
flow to another operating circuit. 


A pressure control valve whose primary function is to limit system pressure. 


A relief valve whose primary function is to provide pressure limitation after 
malfunction. 


A valve whose primary function is to direct flow in a pre-determined sequence. 
A valve which operates fully open or fully closed. 


A connective valve which selects one of two or more circuits because flow or pressure 
changes between the circuits. 

A valve which reduces shock by limiting the rate of acceleration of fluid flow. 

A directional control valve having three positions to give three selections of flow 
conditions. 

A valve which the change of flow occurs only after a desired time interval has 
elapsed. 

A directional control valve having two positions to give two selections of flow 
conditions. 

A pressure control valve whose primary function is to permit a pump or compressor 
to operate at minimum load. 


Materials generated by the hydraulic fluid due to oxidation, Thermal instability, 
hydrolytic instability, or other reactions. The materials are insoluble in the hydraulic 
fluid are generally found as brownish deposits on the work surface. 


A measure of the internal friction or the resistance of a fluid to flow. 


A. measure of the viscosity-temperature characteristics of a fluid as referred to that of 
two arbitrary reference fluids (ASTM Designation D2270-64). 


The ratio of the shearing stress to the shear rate of a fluid. It is usually expressed in 
centipoise. 


The absolute viscosity divided by the density of the fluid. It is usually expressed in 
centistokes. 


The Society of Automotive Engineers arbitrary numbers for classifying fluids accor- 
ding to their viscosities. The numbers in no way indicate the viscosity index of fluids. 


Saybolt Universal Seconds (SUS), which is the time in seconds for 60 milliliters of oil 
to flow through a standard orifice at a given temperature (ASTM Designation 
D88-56). 

A filter element in which a larger unfiltered portion of the fluid flowing parallel to 
the filter element axis is used to continuously clean the influent surface which filters 
the lesser flow. 


A fluid whose major constituents are water and one or more glycols or polyglycols. 


A filter medium comprised of layers of helical wraps of a continuous strand or fila- 
ment in a predetermined pattern. 


A filter medium made from strands of fiber, thread, or wire interlaced into a cloth 
on a loom. 
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the "how to requirements" in designing a hydraulic circuit 


1. What is required — 
а. Is it a straight line or rotary drive, or 
combination of both? 
b. At what speed is the actuator to operate? 
C. Does the speed vary during the forward 
and reverse strokes? 
4. Is the speed influenced by external 
farces? 
e. What forces have to be exerted? 


f. Do the forces vary during the forward 
and reverse strokes? 


g. Are the forces positive or negative? 
2. From this basic information the size of the 
actuators can be determined. This is achieved 
by — 
я Assuming a maximum working pressure. 
b. Determining the size of the actuator. 


с. Determining the pressure reduction in 
the circuit on certain parts of the circuit 
i more than one actuator is used. 


d. The maximum and minimum flows in the 
circuit can be determined. 


e. Individual actuators should be considered 
and selected from manufacturers' list. 


| 
3. The pump capacity can then be calculated. 
a. The overall circuit time cycle should be 
studied to determine how long pressure is 
required. 
ы In some cases it may be beneficial to сап- 
sider an accumulator system by — 


A.Calculating the total demand of the 
circuit in the overall time cycle, together 
with the maximum and minimum 
pressures that can be tolerated in the 
circuit. 


B. The total demand (in gallons) x 60 


The overall time cycle (in, sec.) 





- the maximum pump capacity in GPM 


C. From the circuit demand, maximum 
and minimum pressure, the size of the 
accumulator can be calculated. 


D. This should be checked against man- 
ufacturers' lists and a suitable unit, larg- 
er if necessary, selected. (Not forgetting 
the use of auxiliary gas bottles). 


F. If necessary the differential pressures 
can be adjusted to give the best results. 





c. An accumulator - time - p.s.i. chart should 
be compiled and compared with the overall 
cycle time. 


d. If a direct pump system is to be used 
then the maximum rate of flow or combined 
rate of flow is the pump capacity. 


e. If constant pressure has to be ensured, 
then a pump having an automatic pressure 
device or a small secondary pump, will have 
to be considered and selected. 


f. It may well be that the pump of the exact 
size or rating is not available. Therefore it 
may be that the actuator size or speed may 
have to be adjusted to suit. 


g. The pump Hp. can be calculated or ob- 
tained from the manufacturers’ catalog. 





PH Manifolded Directional Control Valve 


illustration k (b-1) 


4. The actuator controls can be considered — 


a. They can be one or any combination of 
the following: 


Hand controlled 
Solenoid controlled 
Pilot controlled 
Pressure controlled 
Mechanically controlled 


b. The sequence of operations must be laid 
out. 


c. The required interlocks determined. 


d. The starting and fail safe conditions made 
clear. 


e. From this information the type of control 
valves can be selected: 


Spring centered 
Spring offset 
Detent 

Free spool 


f. Where solenoid valves are used the oper- 
ational sequence can be compiled. 


g. Where pilot and pressure operated schemes 
are being designed, it is important to deter- 
mine: 





how to design a hydraulic circuit continued 


a. if sufficient pressure is available, 


b. that any operating signal to a valve has 
an opposing low pressure passage to en- 
able the piston, spool or actuator to move. 


h. Where necessary pressure reducing 
valves should be included. 


1. If these are positioned between 
the directional valve and actuator then 
check valve must be included for free 
flow. 

2. If they are fitted on the inlet side of a 
directional valve then the circuit should be 
considered to decide if reduced pres- 
sure is to be required on both movements 
of the actuator. 

It is sometimes possible to arrange the 
circuit so that a reducing valve only op- 
erates when one position of the direction- 
al valve is selected. 
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and replaced by an alternative condi- 
tion. 


2. Care must be taken to ensure that 
the pilot operated check valve has a 
large enough differential or is of such 
a design to allow the valve to be opened 
with the pressure available. 


3. It is important to consider if there is 
any intensification in the circuit acting 
on the pilot check valve. 


4. If a pilot operated check valve is 
used to support a vertical load it is im- 
portant to support the load with a 
counterbalance valve unless the actua- 
tor is connected up in such a manner 
as to not require such a precaution. 


k. If sequence valves are to be fitted to the 
circuit care must be taken to ensure that 
sufficient pressure is available all times the 


i. Flow control valve should be includ- sequence valve is required to operate or 
ed in the circuit. Careful consideration transmit signals. Any sequence valve is 
be given to — pressure sensitive and will reseat as soon 


a. position of valve - meter in, meter 
out or bleed off. 


b. to ensure that a check valve is in- 
cluded to permit free flow when required 
if the flow control valve is positioned 
between the actuator and directional 
valve. 


1. If a high flow condition is required 
in the same direction as the low flow 
then a pilot operated check valve or 
an additional directional valve is re- 
quired in parallel with the flow con- 
trol valve. 


j. Check valves should be included in the 
circuit where — 


a. flow is to be restricted to one 
direction, 


b. where a minimum pressure is to be 
maintained while flow is taking place, 


c. where anti-cavitation is required, 


d. to prevent an actuator from moving 
if pressure in the circuit falls below that 
required to operator or support the ac- 
tuator. 


1. Pilot operated check valve should 
be included to hold an actuator posi- 
tively in a given position while the cir- 
cuit is in a certain condition and where 
the actuator is to be reversed when the 
certain condition has been cancelled 


as pressure is removed. 





PH Directional Control Valve 
illustration К (6-2) 


5. The power unit arrangement can be deter- 
mined. 


a. The position of the power pack may in- 
fluence the type of power unit. 


1. It can be incorporated as part of 
the machine. 


2. It can be incorporated in a control 
cabinet. 


3. It can be free standing. 


b. The pump motor unit can be considered 
for mounting on top of the oil reservoir. 


c. The pump motor unit can be considered 
for mounting under the oil reservoir. Shut 
off valve should be incorporated in the suc- 
tion line. Check valves, counterbalance 
valves, or additional shut off valves to be 


= 
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how to design a bydraulic circuit continued 


positioned on the return lines to prevent . Filters — high pressure or low pressure 


the system from draining if in is Е ОТРИ 
required. 
d. The pump unit can be placed inside the . Oil level safety switches 


oil reservoir in which case Ше problems of 
shut off valves can be eliminated. 


Oil coolers 


| . Thermostats 
е. The size of the oil reservoir has to be 
determined. This may be dictated by — 


a. the heat to be dissipated 


қы 0 > с а. о 


. Heaters 

i. Filling devices 
j. Flexible hoses 
k. Signal lights 


b. the equipment to be incorporated 


c. the floor space 


| ]. | 
f. The accessories to be incarporated on Electrical controls 


the power pack should be determined. 7. Pipe sizes and identification can be added 
These should include — to the circuit drawings. 
a. Suction filters a. Definition between pressure lines, suc- 


b. Filler cap and strainer tion and return lines to be made. 


| b. The type of pipe, hose, tubing and fit- 
. Air breather ting should be decided. 


C 
d. Level gauge Also material: 


e. Drain top a. Steel, stainless steel, aluminum, brass 
-N®. Vi ® i 
f. Access to the inside of thẹ reservoir И ТОВ REOR рази 
Plasti 
g. Bulkhead connection for drain and re- к 
turn lines. Fittings 
| 1. flared 
6. Additional equipment can be added to the 2. bite type 
circuit, dependent upon the requirements. 3. compression 
a, Pressure gauge 4. welded 
5. flange 
b. Shut off valves 6. threaded 





PH Mobile Division Priority Flow Divider PH Mobile Division Differential Relief Valve 


illustration k (b-3) 





design engineers handbook |53) 


noise measurement techniques 


Prepared by National Machine Tool Builders Association 


Forward 

This outline of Noise Measurement Techniques 
reflects the concern of the National Machine 
Tool Builders' Association (NMTBA) and its 
members for the emerging problem of noise 
control in the industrial environment. 


All industries are involved and concerned with 
this problem. Recently it has been established 
that excessive noise exposures can in some 
cases result in a loss of hearing. These find- 
ings have resulted in the adaption of amend- 
ments to Title 41-Public Contracts and Proper- 
ty Management, Part 50-204, Safety and Health 
Standards for Federal Supply Contracts 
(Walsh-Healey Act). These amendments speci- 
fically establish noise level exposure limits for 
those employees working on Federal Supply 
Contracts. It is anticipated that additional 
Federal and State legislation may extend cov- 
erage of noise regulations to all employees. 


Reducing the amount of noise generated by 
machine tools, therefore, is expected to be- 
come another important design parameter for 
the machine tool builder. 


To achieve this objective, it is readily appar- 
ent that all of the pricipals involved must 
communicate, using the same terms and pro- 
cedures in the definition of this most complex 
problem. The principals are the machine tool 
builder, the component manufacturer, the ul- 
timate user, and their consultants. 


To this end, the NMTBA established a commit- 
tee in 1969 representing the principals and as- 
signed it the task of preparing a document 
which would delineate suggested measuring 
techniques and procedures for the determin- 
ation of noise emanating from machine tools. 


This document is divided into three basic 
sections: (1) Measurement, (2) Instrumenta- 
tion, (3) Reporting. Considerable explanatory 
material is included in these sections and a 
glossary of terms is presented in the appendix 
to assist in the use of this document. 


Since certain aspects of the noise problem 
lack definition, this document should be used 
as a guide and modified to suit the particular 
test situation. It will be amended to incor- 
porate improved techniques and procedures 
as they are developed. 


Noise Measurement Techniques 
Noise Measurement Techniques Committee 
(An Ad Hoc committee formed to work in co- 





PH Mobile Division Cylinder Lock Valve 
illustration k (6-4) 


operation with the NMTBA Research апа De- 
velopment Committee]. 

1. Measurement — These procedures apply 
to measurements made in facilities under the 
control of the machine tool builder. As such 
it is assumed that the builder will provide a 
suitable test space so that reasonably accur- 
ate noise level data may be obtained and pos- 
sibly repeated at a later date. Therefore, am- 
bient noise and reverberation correction fac- 
tors are not included. 


1.1 General Provisions. 


1.1.1 Ambient Noise Levels — To obtain an ac- 
curate measure of the noise produced by a 
machine, the ambient noise level should meet 
the following conditions: 


a. The ambient level of the frequency 
band being measured should preferably be 
at least 10 dB lower than the band level 
generated by the machine. 


b. The ambient level must remain steady 
for the duration of the test, or if varying, 
should not exceed a level 10 dB below that 
of the machine under test. 


1.1.2 Test Space — A plot plan shall be in- 
cluded on the data sheet, illustration k (b-6). It 
shall describe the test space, including all major 
reflecting surfaces such as walls, cabinets, con- 
trol panels, etc., within 30 feet of the machine 
envebpeN XY ЕКТЕВРР терс (PA wy 


E ак T 
A brief description of Thé ајот reflecting sur- 
face materiafs Бай be'proVided. | 
а Г) {АК АКА: |" 

1.1.3 Machine Operating Conditions — Meas- 
urements shall be obtained with the machine 
in the unloaded mode of operation at minimum 
and/or maximum speed conditions. In addi- 


tion, data may be obtained in the loaded mode, 
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illustration К (b-5) 


in which case the specific loads (actual or sim- 
ulated) and conditions shall be defined. 


1.1.4 Measurement Locations — The measure- 
ment locations shall be shown in illustration k 
(b-6). The machine envelope selected shall in- 
clude all active surfaces and que: sources. No 
microphone position shall be within three (3) 
feet from a major machine or other reflect- 
ing surface. The microphone shall be ori- 
ented to have the incidence, either normal or 
grazing, that provides the flattest frequency 
response for the microphone being used. |No 
microphone frequency response conditions 
factors shall be used. 


NOTE: A Microphone providing the flattest 
response to a noise source located normal to 
it, in a free field, is preferable because it re- 
duces the probability of errors due to extran- 
eous noise sources. 


1.1.5 Calibration of Instruments — Measure- 
ments shall be initiated each day by perfonm- 
ing the instrument field calibrations recom- 
mended by their manufacturer. These shall be 
verified at the end of each day. If this check 
indicated a deviation of 1 dB from the es- 
tablished calibration, the data acquired that 
day shall be invalid. 


1.1.6 Tape Recording — When noises are tape 
recorded for record or measurement purposes, 
a comparison between the original and re- 
corded noise shall be made to certify that 
clipping does not occur and that recording 
noises do not distort the desired signal. 


1.2 STEADY STATE NOISE — Noises that are 
continuous or that consist of impulses spaced 
less than one second apart shall be considered 
to be steady state noises. 


The following measurements should be ob- 
tained at each location: 


a. Sound pressure level, dB(A), with meter 
on slow response. 


b. Overall sound pressure level, 
with meter on slow response. 


dB(C), 


c. Octave band spectral analysis. The oc- 
tave bands shall be those specified in ANS 
51.11 whose center frequencies range from 
63 to 8000 Hz. Where 1/3 octave filters are 
used, the octave band levels shall be deter- 
mined by adding the appropriate 1/3 octave 
band levels on an energy basis. 


d. The average level shall be used when 
the noise level fluctuates randomly over a 
range of 5 dB or less. Where such fluctua- 
tions exceed 5 dB the maximum and min- 
imum levels shall be reported. 


1.3 Cyclical Noise — Cyclical noise levels 
are those that change repetitiously in excess 
of 5 dB during machine duty cycle. This is in 
recognition that within machine operational 
events noise levels do vary. The various levels 
and their duration shall be recorded along with 
a listing of their causative events. 


The following measurements should be ob- 
tained at each location: 


a. Sound pressure level, dB(A), with meter 
on slow response. 


b. Overall sound pressure level, dB{C), with 
meter on slow response. 


NOTE: For engineering evaluations, it may 
be desirable to use fast meter response 
when noise levels with durations less than 
three seconds are encountered. 


с. Octave band spectral analysis. The oc- 
tave bands shall be those specified in NAS 
51.11 whose center frequencies range from 
63 to 8000 Hz. Where 1/3 octave filters are 
used, the octave band levels shall be deter- 
mined by adding the appropriate 1/3 


octave band levels on an energy basis. 
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NOTES 





MACHINE ENVELOPE 
О 
A. Rectangular envelope need 
not пе џде complete 
| structure length if all sound 
sources are included. 
4 B. Points labeled 1-5 are the 
minmum number of posi- 
tions desired. Points 6, 7 
| should be included if appli- 
cable. Also, as many 
Q additional points as neces- 





sary should be included, 
such that the maximum 
distance between points is 


B OPERATOR'S 6 feet. 
ied У an C. Points may be offset from 
| the established pattern 
5 due to inaccessibility of 
PLAN VIEW desired location. 
7 





EAR LEVEL SHOP FLOOR 
LEVEL 
К. 
___ 
MACHINE ENVELOPE 


FRONT ELEVATION MEASUREMENT 
LOCATIONS 
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PH Mobile Division V.D.P. SingleSpool, V.D.P. Six Spool, V.D.S.P. Three Spool Directional Control Valves 
illustration k [b-7] 


1.4 Impulse Noise — Impulse noises shall be 
considered to be singular noise pulses of less 
than 1 second duration or repetitive noise pul- 
ses occurring at greater than 1 second inter- 
vals. 


1.4.1 The peak levels, durations and frequency 
of дссиггепсе of noise impulses shall Бе теаз- 
ured. 


14b Weighting networks or filters shall not 
be used when measuring impulse| peak levels. 


1.4.8 Duration shall be taken as the time from 
the initiation of the pulse until the envelope 
of the positive noise peaks decays 8.7dB from 
its maximum. 


1.4.4 Impulse parameters shall be determined 
from measurements of at least 10 impulses. 
The average values and the range of values 
shall be reported. 


2. Instrumentation — Based on the character 
of he noise, instrumentation will be selected 
from the following: 


2.1 Steady State and Cyclical Noise 


2.1.1 Sound levels shall be measured with a 
meter meeting the requirements of ANS 51.4 
except that it is not required to have а В- 
weighted filter. 


2.1.2 Filters shall have the general charac- 
teristics as required in ANS S1.11. 


NOTE: Filters marked as complying with the 
now obsolete ASA Standard 224.10 may Бе 


sued by applying the procedures given in the ap- 
pendix of ANS 51.11. 


2.1.3 A condenser microphone or its equiv- 
alent in accuracy, stability, and frequency 
response is recommended. Where a cable length 
of 10 feet or more is required to couple a cer- 
amic type microphone to the instrumenta- 
tion, a pre-amplifier, located at the micro- 
phone, shall be used. Dynamic microphones 
are not recommended because of their sensi- 
tivity to magnetic fields. 


2.1.4 When a tape recorder is used, the play- 
back of a recording shall have a frequency 
response that is flat within * 3 dB over a range 
of 50 to 8000 Hz. 


2.2 Impulse Noise 


2.2.1 Measurements can be made with any 
impact sound level meter that will measure peak 
levels and also duration in accordance with 
paragraph 1.4.3. 


2.2.2 Measurements can also be made with a 
memory type peak reading meter to measure 
peak level and an oscilloscope to measure im- 
pulse durations. 


2.2.3 Measurements can also be made entirely 
with an oscilloscope. 


2.2.4 A condenser microphone or its equiva- 
lent in accuracy, stability, and frequency re- 
sponse is recommended. Where a cable length 
of 10 feet or more is required to couple a cer- 
amic type microphone to the instrumentation, 
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a pre-amplifier, located at the microphone, 
shall be used. Dynamic microphones are not 
recommended because of their sensitivity to 
magnetic fields. 


2.2.5 When a tape recorder is used, the play- 
back of a recording shall have a frequency re- 
sponse that is flat with * 3 dB over a range of 
50 to 8000 Hz. 


3. Reporting 


3.1 DATA FORM — The data form shown in 
this document, illustration К (b-10-1) is only 
intended as a guide to insure adequate data is 
recorded. Because of the wide range of differ- 
ences in machine tools, a standardized data 
form is not practical for the industry, therefore 
one should be tailored to meet individual re- 
quirements. The following discussion will as- 
sist in this process. 
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illustration k (Ь-8) 


It will be noted that the sample data form is 
designed to record all required data in a four 
page booklet to avoid possible detachment or 
loss of portions of the data. It is recommended 
Rs this principle be followed whenever pos- 
sible. 


Example 


MACHINE SPECIFICATIONS 
BUILDER: АВС Machine Co. 


BUILDER'S NO. 


60843 1234 


BUYER'S Р.О. 


ТУРЕ: _6 Station transfer machine for finishing gizmo heads. 


MODEL: __6YS_ | ..—. SERIAL NO. _0001 


OUTPUT: _400/hr. 


Example 


MACHINE SPECIFICATIONS 
BUILDER: __DEF Lathe Builders 


BUILDER’S NO. 


12345 


BUYER'S Р.О. 5678 ___ 


TYPE: _Lathe 


14-4800 
48" HORSE POWER: 


MODEL: 
CENTER DIST. 


illustration k (b-9) 


3.2 Explanation of Sample Data Form Layout 


3.2.1 Heading — Identify the firm making the 
noise evaluation; either builder, consultant, 
university or commercial test laboratory. 


3.2.2 Machine Specifications, Item A — Use 

items that adequately describe the machine 

tool under test so that it shall not be construed 

to be any other machine and also provides a 

brief description of the machine, if necessary. 
а. In case of special machines, the type 
description may be adequate so that oper- 
ating parameters are not necessary. 


SERIAL NO. 
____ 30 | SPEED CONTROL: Hydrostatic Drive 


1002 SWING: 14” 





b. For general purpose machines, Ше oper- 
ating parameters that differentiate the ma- 
chine from others made by the same manu- 
facturer shall be used. 


3.2.3 Instrumentation, Item B — A comprehen- 
sive list of instruments is given on the sample 
data form. Those not used by the testing ac- 
tivity should be omitted. 


3.2.4 Certification, Item D — Certification should 


be made with the signature of the person re- 
sponsible to the builder for performance of the 
test. 


general data 
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NOISE MEASUREMENT DATA 


A. MACHINE SPECIFICATIONS 





XYZ COMPANY 
| 
| 
| 


Builder. | Buiilder’s Мо. ..  . . Buyer's Р.О. No. 
Equipment Specification: Туре — ——. — .——— Model 

serial No. ____________ Size Сарасіу 

Speed . . Horsepower ___________ Auxiliaries 


B. INSTRUMENTATION 
INST RUMENT MODEL SERIAL NO. CALIBRATION DATE 


Sound Level Meter 
Microphone 
Calibrator 

Tape Recorder 
Analyzer 

Impact Meter 
Oscilloscope 


C. CONCLUSIONS 


D. CERTIFICATION 
Certified by: 
Name: — 
Position: | 
Company: 


illustration k (b-10-1) 


с (b-10) 
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noise measurement techniques continued 


3 


MACHINE ENVELOPE 


E. 
TEST SPACE 
TEST LOCATION 











TEST SPACE DESCRIPTION 








OPERATOR'S 


---- о. NORMAL 
1 e POSITION 
PLAN VIEW 


7 





_____ | 
NENNEN OPERATOR'S NORMAL 5 
EAR LEVEL SHOP FLOOR 


i. 


MACHINE ENVELOPE 


data 
-- 


general 


FRONT ELEVATION 


illustration k (b-10-2) 
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| F. TEST DATA 
OBSERVER: | 






































| Load Conditions No. 3(Describe) ——— l ~ ——— EES 




















illustration k (b-10-3) 
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| OBSERVER: 






Test Peak dB Center Frequency — Hertz 





Load Conditions No. A(Describe) _ 


Load Conditions No. 5(Describe) 


| 
ШЕШЕН 
ШЕШ 
| 
I ch 





Load Conditions No. 6(Describe) 


Min. Duration Per Min. Cycle 


— 


Remarks 


general data 
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3.2.5 Test Space, Item E — Indicate with an area 
sketch, illustration k (b- 10-2), the position of 
the machine as placed in the test area and ori- 
ent by some identifying features. | Indicate mi- 
crophone locations including elevations. State 
method of mounting or supporting|the machine. 


3.2.6 Test Data, Item F 


a. Provide a sufficient number of lines to 
accommodate the anticipated maximum 
number of microphone locations for each 
load condition. 


GLOSSARY OF TERMS 


Ambient Noise Level (background noise). 
noise level in the area surrounding the ma- 
chine or component to be tested with machine 
being tested not operating. 


Clipping (recording). Where the reproduced 
signal amplitude varies from the input signal 
effective amplitude by more than one dB, 
due|to electronic compression or magnetic sat- 
uration. 


Cyclical Noise. Cyclical Noise levels are those 
that change repetitiously in excess of 5 dB 
during machine duty cycle. 


Decibel (dB). A non-dimensional number used 
to express sound pressure and sound power. It is 
logarithmic expression of the ratio of a meas- 
ured quantity to a reference quantity. 


Рог example, two machines side by side, each 
separately producing a sound pressure level of 
80 dB, do not produce a combined sound pres- 
sure level of 160 dB when both are operating. 
They produce a combined sound pressure 
level of approximately 83 dB. 


For| sound pressure the reference quantity is 
20 |micronewtons/meter squared* so that: 
Sound Pressure іп dB = 20 log’ (measured 
pressure /20х10°5). 


For sound power the reference quantity, is 
10-12 watts so that: Sound Power in dB = 
logi? (measured роууег/10-12). 


The reference quantities and the coefficients in 
the basic equations were chosen to make the 
acoustic power per meter squared numerically 
equal to the sound pressure at that point. 


Where a weighted network filter is employed i 
making sound pressure measurements ћи is is 
indicated by a suffix added to the unit symbol, 
ће. when а А- weighted network is used the 
symbol dB (A) is used. 


*Confusion exists because the saund pressure 


b. Each period where the noise level 
changes 5 dB or more at any test point shall 
be considered to be a change in load condi- 
tion. The description of each load condition 
must indicate overall machine operating con- 
ditions or performance as well as the speci- 
fic operation or duty cycle event. 


c. The duration serves as a basis for com- 
puting employee exposure; therefore, it can 
be recorded in any customary time units. 


reference is stated is several different forms 
in acoustic literature. The forms that follow are 
all equivalent. 


20 micronewtons/meter squared 
.0002 dynes/cm squared 
.0002 microbar (micro atmospheres) 


dB (A). A sound level reading in decibels made 
on the A-weighted network of a sound level 
meter. 


dB (C). A sound level reading in decibels made 
on the C-weighted network of a sound level 
meter. 


Fast Response. А selectable mode of operation 
of a sound level meter or analyzer in which 
the indicator has minimum damping and can 
fherefore rapidly respond to changes in level. 


Flat Response. Is the ааста of micro- 
phone, instrument, or recorder having a sensi- 
tivity or response that is constant regardless 
of frequency. 





РН Eleciro-Hydraulic Valve 


illustration k (b-11] 





noise measurement techniques continued 


Frequency Bands. A division of the audible 
range of frequencies into sub-groups for de- 
tailed analysis of sound. 


Grazing Incidence. Microphone positioned so 
that its axis is perpendicular to a line from the 
microphone to the noise source. 


Hertz (Hz). Synonymous term for "cycles per 
second." Most standardizing agencies have 
adopted "hertz" as the preferred unit of fre- 
quency. 


Impact Noise. Same as impulse noise. 


Impulse Noise. Impulse noises shall be consid- 
ered to be singular noise pulses of less than 1 
second duration or repetive noise pulses occur- 
ring at greater than 1 second intervals. 


Machine Envelope. The space occupied by a 
machine tool. The boundary of the machine en- 
velope is a reasonably uniform line around the 
periphery of the machine approximately 3 feet 
out from machine components. The machine en- 
velope extends up and over the top and down 
and under the bottom of machines. For machines 
mounted on long runways, the machine enve- 
lope shall contain only "active" portions of the 
machine, excluding vacant portions of the run- 
way. 


Machine Tool. A power-driven machine, not 
portable by hand, used to shape or form metal 
by cutting, impact, pressure, electrical tech- 
niques, or a combination of these processes. 


Machine Tool Builder. Any individual, part- 
nership, corporation or other form of enter- 
prise which is engaged in the development, 
manufacture, or assembly of a machine tool. 


Microphone Directivity. The variation in re- 
sponse of a microphone dependent on the di- 
rection of arrival of the sound wave. 


design engineers handbook 


Normal Incidence. Microphone positioned so 
it is pointing toward sound source. 


Octave Band. A division of the audible range of 
frequencies into sub-groups such that in each 
division the upper limit is twice the lower limit. 
Because of this ratio the center frequencies used 
to designate the octaves will each be twice 


the center frequency of the preceding octave 
band. 


One-Third-Octave Bands. A split of an octave 
band into three equal parts for more detailed 
analysis of distribution and sound energy. 


Operator’s Normal Position. The location of 
the operator's head with respect to the machine 
tool during the time the machine is operating. 
The position should be recorded for the parti- 
cular machine installation. More than one po- 
sition may be necessary. 


Reflecting Surface. A surface oriented to the 
sound source so that sound waves are mod- 
ified by or reflected from the surface. 


Reverberation. Reverberation is the sound that 
persists in an enclosed space, as a result of re- 
peated reflection or scattering, after the source 
of sound has stopped. 


Slow Response. A selectable mode of opera- 
tion of a sound level meter or analyzer in which 
the indicator has high damping and therefore 
slowly responds to change in level. This mode 
tends to provide an average reading. 


Steady State Noise. Noises that are continu- 
ous or that consist of impulses spaced less than 
one second apart shall be considered to be 
steady state noises. 


Test Space. An area in the machine tool build- 
er's facility occupied by the machine tool when 
tests are made. 


general data 
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advantages of using c, factor | 


1. The Cv factor reduces the work involved 
in making a flow calculation. 


2. The Cv factor eliminates the difficult prob- 
lem of converting physical units which many 
times arises when the flow equation is used. 


3. The Cv factor provides a very convenient 
method for sizing and comparing valve flow 
capacities. 


4. The Cv factor is very convenient for ana- 
lyzing experimental flow-pressure drop data 
on a valve. 


5. The Cv factor provides a method of present- 
ing the maximum amount of flow-pressure 
drop data on a valve. 


Formal Definition of the Cv Factor: 

The Cv factor is the number of U.S. gallons of 
water that pass through a given orifice area in 
one minute at a pressure drop of one psi. 


Example Calculation Using the Flow Equation: 


Oe GIA. 2 = 


= Flow (in? /sec) 
Са | = Orifice Discharge Coefficient (0.611 
for a sharp edged orifice) 
= Area of Orifice (їп?) 
AP | = Pressure Drop Across the Orifice (Ib./in? ) 


p Density of the Fluid Passing Through 
the Orifice (1p-sec? /in*) 
Given: 
C, = 0.611 
А, = (1/4) D2 = (1/4) (0.25)? = 0.0491 in? 
P = 50 Ib./in? 
p = 


62.4 Ib. қ 142 x 1 вес? 0.000094 !b-sec’ 
1H? 1728 п? Х 386 in (ей им 


/ 2(50) 
О = . ; | 3 


To Convert to GPM: 
30.6 in? 605 1 gal 


Оте х 1 min" 231 ini 





-- 7.95 СРМ 








Mathematical Definition of the |“ Factor: 
/ 2 AP 
о сал, 25244 /ва 
e = 
C. | 


= Density of Water 


pw 
S.G. = Specific Gravity of Fluid 


Now making the same calculation as above if 
it is known that Cv = 1.13: 


AP 
0-Сс,/<с 
О = (1.13) c = 7.95 СРМ 


Now suppose that the fluid is changed to hy- 
draulic oil with a S.G. of 0.85. 


- /—90 . 
О = (1.13) / тог = 8.65 СРМ 


The Cv factor shown in the Parker Hannifin 
catalogs can be used in metric calculations if it 
is converted properly. We have designated Cv 
as the metric equivalent. 


Metric Flow Factor: 


Where: 
О = Liters/Minute 
P = Kilograms/Centimeter Squared 
S.G. = Specific Gravity 
Се = 14.27 C, 
Definition: 


The Cv factor is the number of liters of water 
that pass through a given orifice area in one 
minute at a pressure drop of one kilogram per 
square centimeter. 


Relationship to U.S. Cv Factor: 
The Cv factor is 14.27 times the U.S. Cv factor. 


graph k [b-1] 
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orifice pressure drop 


Q(G.P.M.) = 24.12 x A(SQ. IN.) x PRESSURE DROP (Р.5.!.) 
WHEN С = .6 AND SPECIFIC GRAVITY = .895 
NO ALLOWANCE FOR VISCOSITY CHANGE 


FROM: 
Q-CxAxV 2GH 
WHEN: О = FLOW IN CU. FT/SEC. 
С = ORIFICE COEFFICIENT 
А = AREA IN SQ. ЕТ. 
H = PRESSURE HEAD IN FT. 
10,000 
-0001 8,000 
.00015 6,000 
Ye 0002 4,000 
0003 3,000 
.0004 2,060 
.0006 1,500 
143 .0008 1000 
.001 500 
.0015 
ы. 002 = 
400 
un 003 300 
Ha sos 200 
ЗА; ma 150 
%, i 100 
Я 01 Bo 
.015 60 
2 40 
03 зо 
" .04 25 
.06 15 
08 
10 
% i 8 
15 6 
12 .2 5 4 
а | 3 
ҰЙ 4 2.5 А 
.6 1 5 
1" 8 
1.0 i 
1.5 
1% 2 5 
2.5 
2 3 
4 
с 5 
3 8 7 
- io 9 .1 
: T Р.$.1. 
PRESSURE DROP 
DIA. AREA 
HOLE 8а. IN. 
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АД 1 power | L | | 
viscosity vs. temperature 
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Metric Conversion Table 





table k (b-1) 


The above metric conversion table provides a 
fast and automatic means of conversion from 
one metric notation to another. The notation 
"Unit" represents the basic units of measure- 
ment, such as amperes, volts, ohms, watts, cy- 
cles, meters, grams, etc. To use table k (b-1), 
first locate the original or given value in the left- 
hand column. Now follow this line horizontally 
to the vertical column headed by the prefix 
of the desired value. The figure and arrow at 
this point indicates number of places and direc- 
tion decimal point is to be moved. 


Example: Convert 0.15 ampere to milliamperes. 
Starting at the "Units" box in the left-hand 
column (since ampere is a basic unit of meas- 
urement), move horizontally to the column 
headed by the prefix "Milli", and read 3 —3». 
Thus 0.15 ampere is the equivalent of 150 
milliamperes. 


MILLIMETERS TO FRACTIONS TO DECIMALS 


i 13.0969 
13.4938 
13.8906 
14.2875 
14.6844 
15.0812 
15.4781 
15.8750 
16.2719 
16.6688 
17.0656 
17.4625 
17.8594 
18.2562 
18.6531 
19.0500 
19.4469 
19.8438 
20.2406 
20.6375 
21.0344 
21.4312 
21.8281 
22.2250 
22.6219 
23.0188 
23.4156 
23.8125 
24.2094 
24.6062 
25.0031 
25.4000 


10.3188 
10.7156 
11.1125 
11.5094 
11.9062 
12.3031 
12.7000 





table К (b-2) 





Metric Relationships 
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graph k (6-3) 


Graph К (b-3) above, shows therelation between 
the American and the metric systems of nota- 
tion. 


Example: Convert 5.0 milliwatts to watts. 
Place the finger on milli and count the number 
of steps from there to units (since the term 
watt is a basic unit]. The number of steps so 


9 
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counted is three, and the direction was to the 
left. Therefore, 5.0 milliwatts is the equiva- 
lent of .005 watts. 

Example: Convert 0.00035 microfarads to mi- 
cro-microfarads. Here the number of steps 
counted will be size to the right. Therefore 
0.00035 microfarads is the equivalent of 350 
micro-microfarads. 


——1 
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formulas, graphs & tables continued, 
NUMERICAL CONVERSION TABLE 


| “INCHES INTO MILLIMETERS MILLIMETERS INTO INCHES 
| 1 inch 25. .40005 тт. 1 mm. = 0.03937000 in. 


































































SQUARE IN. INTO SQUARE СМ. 
делел, ст. 





SQUARE CM. INTO SQUARE IN. 
1 за. cm. = 0.155000 sq. in. 


| 1 sa. in. 





























GALLONS * INTO LITERS | LITERS INTO GALLONS*- 
1 liter =/0.2641775 gal.* *U.S. liquid gallon (231 in 3). 1 gal.* = 3.785334 liter *U.S. liquid gallon (231 іп,3), 




















































GALLGNS* INTO CUBIC FEET 
1 gal.* = 0.133685 cu. ft. *u.s. liquid galion (231 in. 3). 


| CUBIC FEET INTO GALLONS* - 
| 1 cu. ft. = 7.48052 gal.* *U.S. liquid gallon (231. in. 3). | 











120.30 |10000 


со со ~ со сл = 63 м = |. 
со со ~) C3) cn == Сл м == 





table К (b-3) _ EU References on the following page. 
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formulas, graphs & tables continued 


FEET PER SEC. INTO METERS PER SEC. Г _____МЕТЕВ5 PER SEC. INTO FEET PER SEC. 
1 ft. per sec. = 0.3048006 т. per sec. | 1 m. рег зас. = 3.280833 ft. per sec. 


POUNDS* INTO KILOGRAMS KILOGRAMS INTO POUNDS* 
115," = 0.45359243 kg. * Avoirdupois 1 kg. = 2.2046223 Ib.* * Avoirdupois 


POUNDS PER SO. IN. INTO KG. PER SQ. CM. KG. PER $0. CM. INTO POUNDS PER SQ. IN. 
1 Ib. рег sq. т. = 0.070307 kg. per ст. 2 1 kg. per cm = 14.2233 Ib. per за. in. 


HORSEPOWER INTO KW. KW. INTO HORSEPOWER 
1 horsepower = 0.74571 kw. | 1 kw. = 1.3410 hp. 


со ~ сә сл Ae Ко — 
со ~ C» cn «4» о ~ = 





table К (b-4) 


One atmosphere = 14.70 Sb. per sq. in. Ener One British Thermal Unit = 777.52 ft. Ib. 
One Ib. per sq. in. - (.06804 atmosphere xt One kilogram calorie = 3086 ft. lb. 
бакыла Опе ст. тегсигу = 0.1934 ib. per sq. in. Work One foot Ib. = 0.1383 kg. m. : | 
Опе. т. тегсигу = 0.4912 Ib. per sq. in. One kg. m. = 7.233 ft. Ib. 5 
One meter water * = 1.42116. per sq. in. = 
One foot water * = 0.433216. per sq. in. o 
One mile (statute) - 1.609 kilometer 5 | 
Density | One Ib. per cu. in. - 27.68 gram per cu. cm. Length One kilometer - 0.6214 mile 
One gram рег cu. ст. = 0.03613 Ib. per cu. in. One mile (statute) = 5280 ft. 


* 15°C and g = 32.1740 ft. per sec. per sec. 
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METRIC EQUIVALENTS TEMPERATURE CONVERSION TABLE 


1 centjmeter .3937 inches ] inch 2.5400 centimeters of OF ос ФЕ oc OF 

1 meter 3.2800 feet 1 foot .3048 meter 

1 meter 1.0940 yards 1 yard 9144 йот 
{ег$ 


1 kilometer 6210 miles 1 mile 1.6100 kilom 


1 sq. cm. .1550sq.in. 15д.іп. [6.4500 sq. cm. 
1sq.meter — 10.7600sq.ft. — sq.ft. 0929 sq. meters 
1 sq. meter 1.1960 sq. yd. 1 sq. yd. .8360 sq. meters 
1 sq. kilo. .3860 sq. miles 1 59. mi. 12.5900 sq. kil 


1 cubic cm. .0610 cu. in. 1cu.in. 16.3800 cu. ст. 
1 cubic m. 35.3150 cu. ft. 1 cu. ft. .0280 cu. m. 
1 cubic m. 1.3080 си. yds.  1cu. yd. .7645 cu. т. 


1 liter 0353 cu.ft. cu.ft. 28.3200 liters 
1 liter .2643 gal. 1galon 3.7850 liters 
1 liter 61.0230 cu. in. 1 cu. in. .0164 liters 
1 liter 2.2020 Ibs. of fresh water at 62 degrees F. 





table К (b-5) 


CONDUCTIVE HEAT TRANSFER FORMULA 





KATA 
0- 21 
AX 
Where 
О = Conductive heat transfer 
А = Cross sectional area 
АХ = Length of heat path 
AT - Temperature difference 


Use consistent units 


LINEAR EXPANSION 
L=Lo (1 + алт) 





т 


ры 
== 


Lo АТ 





| 
ое ы C) (оз C9) СА C9) CO МО МО МО PO МЗ NN г = EIL ot жа = 
ыз № = © сызыла.» о co Swans о oo шыта» whe So Ow Anh WH = © & 


LOOK ЈЕ, READING IN MIDDLE COLUMN 
FIND C AT LEFT ОН Е AT RIGHT 


L | - New length 

Lo = Original length table К (Б-6) 
a = Coefficient of linear expansion 

AT = Change in temperature 
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formulas, graphs & tables continued 


CONVERSION FACTOR HEAT COLORS 


9 
Тс => (Tr - 32) ТЕ = Тс + 32 Faint Red 
Blood Red 
Dark Cherry 
Medium Cherry 
Ма. III 
Bright Cherry 








table k (b-7] table К (b-8) 
Velocity SP. GR. of water = 1.0 
Velocity should be kept approximately 15 ft./ density (of water) = 62.4 Ib./ft? 


sec. after pump outlet. 
weight of liquid 


dine: | : вес. ity =—— 
elocity should be kept approximately 4 ft./sec density equal volume water 


before pump inlet. 


Pressure loss/foot length of pipe: 
Reynolds Number: 





V x G.P.M. 
P -18 300x D^ R= pVL where: p= density 
, А E u М = free stream velocity 
L= plate length 
u= coefficient of viscosity 
Head Pressure Darcy’s Formula: 
PSIA = 14.7 + (0.40 x h) for oil fv where: f = friction coefficient 
= ы | = pipe length 
PSIA = 14.7 + (0.433 x h) for water 209 V- velocity 
О = diameter 
PSIG = 0.40 x h for oil g- 322 
Bernoulli's Equation 
inches of mercury = 
1446 V? where: h = height 
suction lift (ft.) x .883 x SP. GR. h+ Lini e р = pressure 
р 29 р = density 
М =  velocit 
Specific Gravity g- 322 m 
m | m Spring Rate 
ср GR = p of liquid _ weight of liquid 
р of water weight of equal spring rate = ____ осе ___ S 
volume of water distance compressed а 
е 
49 
Е 
Kinematic Viscosity Formula: 5 
щ.д where: из coefficient or viscosity 
Y p - density 


k (b-23 
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formulas, graphs & tables continued 


KINEMATIC VISCOSITY CONVERSION FACTORS 


| " | “> = 
(мба | m | fir 












- [ome | om? sec. 
ж | ш | seo | тхл | 10769 | 3.875 x 10° 
мш | 278 [|2999x10*| 10.7639 | 
| 036 | 10  [i07639x10* 3875 — 
0.092903 0.25806 | 277.8x 10° 


ABSOLUTE VISCOSITY CONVERSION FACTORS 
___________| Кот“ | юн | grom sec. | Кет, | 
| Kp Seem! | 10 | apex toe] | 981 | 
| 390 — 


EI M 


25.806 x 1075 | 30 | 











table К (Б-9) 











| Ib" ft. sec. 
table k 





b-10) | Е * mass 
SELECTED "SI" UNITS FOR GENERAL PURPOSE — FLUID POWER USAGE 


СГ | ОТО “CUSTOMARY US" | 
QUANTITY UNIT FOR FLUID POWER | UNIT FOR FLUID POWER CONVERSION 


Lengt Millimeter (mm) | Inch (in) 1 іп = 25.4 mm 
1 bar = 14.5 psi 








Bar (assumed to be “gauge” unless Pounds per square inch (psig or psia) 


otherwise stated) 


Pressure (Note 1) 


Bar (a value less than 1.0 Inches of mercury (in Но) 1 in Hg (e 60°F) = 0.034 bar 


For example 0.95 bar) 


Pressure (Note 2) 


Gallons per minute (USGPM) 1 USGPM = 6 U/min 


Cubic decimeters per|second Cubic feet per minute (cfm) 1 dma/s = 2.12 scfm 
(dmn /$) | | 


Flow (Note 3) Liters per minute (тт) 


Flow (Note 4) 





Force 

Mass 

Time 

Volume (Note 3) 
Temperature 
Torque 

Power. 

Shaft speed 


Frequency 


Displacement (Note 3) 


Kinematic viscosity 


Velocity 


Matera stress 


table k 1 -11) | 





Newton (М) 

Kilogram (kg) 

Second (s) 

Liter (9) 

Degrees Celcius (^C) 
Newton-meters (Мет) 

Kilowatt (kW) 

Revolutions per minute (rev/min) 
Hertz (Hz) 

Milliliters per revolution (m&/rev) 
Centistokes (cSt) 

Meter per second (m/s) 


Deka Newtons per square millimeter 


(да N/mm’) 





Pound(f) Ib(f) 

Pound(m) !b(m) 

Second (s) 

Gallon (US gal) 

Degrees Fahrenheit (°F) 
Pounds(f)-inches Ib(f)-in 
Horsepower (HP) 

Revolutions per minute (RPM) 
Cycles per second (cps) 

Cubic inches per revolution (cip) 
Saybolt (SUS) 

Feet per second (fps) 


Pounds per square inch (psi) 


Note 1| — Pressures above atmospheric 
Note 2 — Pressures below atmospheric 
Note 3 — Liquid 
Note 4 — Gas = under standard temperature, humidity, and pressure conditions per ISO/R 554-1967 
Note 5 — © 38 C; factor is 4.667 © 99 C 


1 Ib(f) = 4.44 N 

1 kg = 2.2U Ib(m) 
1 US gal = 3.79 £ 
°С = 5/9 (°F -32) 


1 Мет = 8.88 Ib(f)-in 


1 kW = 1.34 HP 


1 Н2 = 1 cps 


1 m&/rev = 061 cipr 
cSt = (4.635) (SUS) (Note 5) 


1 m/s = 3.28 fps 


1 da N/mm? " 1,450 psi 








design engineers handbook 








TO CONVERT —————J3 INTO ——— 39 MULTIPLY BY 
ІМТ0-4-------Т0 CONVERT-««——— DIVIDE BY 





abcoulomb 


acre 
acre 
acre 
acre 
acres 
acres 
acres 
acres 


acre-feet 
acre-feet 


amperes/sq. cm. 
amperes/sq. cm. 


amperes/sq. in. 
amperes/sq. in. 


amperes/sq. meter 
amperes/sq. meter 


ampere-hours 
ampere-hours 


ampere-turns 


ampere-turns/cm. 
ampere-turns/cm. 
ampere-turns/cm. 


ampere-turns/in. 
ampere-turns/in. 
ampere-turns/in. 


ampere-turns/meter 
ampere-turns/meter 
ampere-turns/meter 


angstrom unit 
angstrom unit 
angstrom unit 


ares 
ares 
ares 


astronomical unit 


atmospheres 
atmospheres 
atmospheres 
atmospheres 
atmospheres 
atmospheres 
atmospheres 
atmospheres 
atmospheres 


barrels (U.S., dry) 
barrels (U.S., dry) 
barrels (U.S., liquid) 
barrels (oil) 


bars 
bars 
bars 
bars 
bars 
bars 


bar y! 
bolt (U.S. Cloth) 


CONVENTIONAL U.S. CONVERSION FACTORS 


statcoulombs 


sq. chain (Gunters) 
$0. rods 
sq. links (Gunters) 


hectare or sq. hectometer 


sq. feet 
sq. meters 
sq. miles 
sq. yards 


cu. feet 
gallons 


amps./sq. in. 
amps./sq. meter 


amps./sq. cm. 
amps./sq. meter 


amps./sq. cm. 
amps./sq. in. 


coulombs 
faradays 


gilberts 


amp.-turns/in. 
amp.-turns/meter 
gilberts/cm. 


amp.-turns/cm. 
amp.-turns/meter 
gilberts/cm. 


amp.-turns/cm. 
amp.-turns/in. 
gilberts/cm. 


inch 
meter 
micron or (Mu) 


sq. yards 
acres 
sq. meters 


kilometers 


ton/sq. inch 

cms. of mercury 

ft. of water (at 4°C) 
in. of mercury (at 0°C) 
kgs./sq. ст. 

kgs./sq. meter 
pounds/sq. in. 

tons/sq. ft. 

bars 


cu. inches 
quarts (dry) 
gallons 
gallons (oil) 


atmospheres 
dynes/sq. cm. 
kgs./sq. meter 
pounds/sq. ft. 
pounds/sq. in. 
cm. Hg. 


dyne/sq. cm. 


meters 


2.998 x 10!? 


10 

160 

10° 

4047 
43,560 
4,047 

1.562 x 10? 
4,840 


43,560 
3.259 x 10? 


6.452 
10^ 


.155 
1,550 


10^ 
6.452 x 10“ 


3,600 
03731 


1.257 


2.54 
100 
1.257 


.3937 
39.37 
495 


01 
.0254 
01257 


3.937 x 108 
10:19 
104 


119.6 
.02471 
100 


1.495 x 10° 
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Btu liter-atmosphere 10.409 

Btu ergs 1.055 x 1019 

Btu foot-Ibs. 718.3 

Btu gram-calories 252 

Btu horsepower-hrs. 3.931 x 104 

Btu joules 1,054.8 

Btu kilogram-calories .252 

Btu kilogram-meters 107.5 

Btu kilowatt-hrs. 2.928 x 10^ 

Btu/hr. foot-pounds/sec. .2162 

Btu/hr. gram-cal./sec. .07 

Btu/hr. horsepower-hrs. 3.929 x 103 

Btu/hr watts .2931 

Btu/min foot-Ibs./sec. 12.96 

Btu/min horsepower .02356 

Btu/min kilowatts .01757 

Btu/min watts 17.57 

Btu/sq. ft./min. watts/sq. in. .1221 

bucket (Br. dry) cu. cm. 1.818 x 107 

bushels cu. ft. 1.2445 

bushels cu. in. 2,150.4 

bushels cu. meters 03524 

bushels liters 35.24 

bushels pecks 4 

bushels pints (dry) 64 

bushels quarts (dry) 32 

calories, gram (mean) joules 4.183 

calories, gram (mean) Btu (mean) 3.9685 x 102 

candle/sq. cm. lamberts 3.142 

candle/sq. inch lamberts 487 

centares (centiares) sq. meters 1 

centigrade fahrenheit (C^ x 9/5) + 32 

centigrams grams 01 

centiliter ounce fluid (U.S.) .3382 

centiliter cubic inch .6103 

centiliter drams 2.705 

centiliter liters .01 

centimeters feet 3.281 x 10? 

centimeters inches .3937 

centimeters kilometers 107° 

centimeters meters 01 

centimeters miles 6.214 x 10° 

centimeters millimeters 10 

centimeters mils 393.7 

centimeters yards 1.094 x 10? 

centimeter-dynes cm.-grams 1.020 x 10? 

centimeter-dynes meter-kgs. 1.020 x 108 

centimeter-dy nes pound-feet 7.376 x 10? 

centimeter-grams cm.-dynes 980.7 : | 

centimeter-grams meter-kgs. 107 © 

centimeter-grams pound-feet 7.233 x 10? = 
ез 

centimeters of mercury atmospheres .01316 5 

centimeters of mercury X feet of water 4461 

centimeters of mercury — kgs./sq. meter 136 

centimeters of mercury — pounds/sq. ft. 27.85 

centimeters of mercury — pounds/sq. in. .1934 
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centimeters/sec. feet/min. 1.1969 cubic meters bushels (dry) 28.38 
centimeters/sec. feet/sec. 03281 cubic meters cu. cms. 10 
centimeters/sec. kilometers/hr. .036 cubic meters cu. feet 35.31 
centimeters/sec. knots .1943 cubic meters cu. inches 61,023 
centimeters/sec. meters/min. 6 cubic meters cu. yards 0-2 1.308 
centimeters/sec. miles/hr. .02237 cubic meters gallons (U.S. liquid) 264.2 
centimeters/sec. miles/min. 3.728 x 10^ суе meters liters TA , а 

"on | a г i i .S. liqui 
centimeters/sec./sec. feet/sec./sec. 03281 CUBIC meters pinis Jie : 
centimeters/sec./sec. kms./hr./sec. .036 cubic meters quarts (U.S. liquid) 1,057 
centimeters/sec./sec. meters/sec./sec. 01 cubic yards cu. cms. 7.646 x 10° 
centimeters/sec./sec. miles/hr./sec. 02237 cubic yards cu. feet 27 
chain (surveyors) inches 792 oare diss cu. inches 4. 
chain meters 20.12 сипис yards cu. meters А 
chain yards 22 PE daa ‘ot (U.S. liquid) у А 
chain feet 66 cubic yards Iters . 
я L. Rom cubic yards pints (U.S. liquid) 1,615.9 
circular mils sq. cms. 5.067 x 10 5 ; E 
zireular thils sg, mils 7854 cubic yards quarts (U.S. liquid) 807.9 
circular mils sq. inches 7.854 x 107 cubic ҚЫША cubic ft./sec. 45 
p X EI cubic yards/min. gallons/sec. 3.367 
ciren Т. aula TIE cubic yards/min. liters/sec. 12.74 
cords cord feet 8 === 
cord feet cu. feet 16 dalton gram 221.85 х 10 
coulomb statcoulombs 2.998 x 10? days seconds | 86,400 
coulomb faradays 1.036 x 1075 Е айк БЕК 
coulombs/sq. cm. coulombs/sq. in. 64.52 2622-0-70 ee ск { 
coulombs/sq. cm. coulombs/sq. meter 10^ deiliters — — — — liters | оно 
coulombs/sq. in. coulombs/sq. cm. .155 decimeters meters | 4 
coulonths/sq. in. coulombs/sq. meter 1950 — degrees (angle) quadrants 01111 
coulombs/sq. meter coulombs/sq. cm. 1074 degrees (angle) radians 01745 
coulombs/sq. meter coulombs/sq. in. 6.452 x 107“ degrees (angle) seconds 3,600 
cubic centimeters cu. feet 3.531 x 107° degrees/sec. radians/sec. — 01745 
cubic centimeters cu. inches 106102 degrees/sec. revolutions/min. .1667 L 
cubic centimeters cu. meters 1076 ; degrees/sec. revolutions/sec. 2.778 x 10 
cubic centimeters cu. yards 1.308 x 107 dek 10 
cubic centimeters gallons (U.S. liquid) 2.642 x 107 : сыы = | 
cubic centimeters liters 001 ‚ dekaliters liters |. 
cubic centimeters pints (U.S. liquid) 2.113 x 107 ве Кате t 10 
cubic centimeters quarts (U.S. liquid) 1.057 x 1073 ама = га | = — | 2772 
mm T iameter of circle circumference Я 
s bed bushels (dry) ~ БИ diameter of circle area 7854 D? 
Ms bi - rm 1728 diameter of circle volume of sphere 5236 D? 
cubic feei cu. meters .02832 drams (apoth) ounces (avdp) 1371 
cubic d cu. yards .03704 drams (apoth) ounces (apoth) .125 
cubic feet gallons (U.S. liquid) 1.48052 drams (apoth) grains 60 
cubic feet liters 28.32 drams (apoth) grams 3.888 
cubic feet pints (U.S. liquid) 59.84 | 
cubic feet quarts (U.S. liquid) ^ | 29.92 Баре ИШЕ m. _ 3897 
cubic feet of water pounds 62.428 drams (avdp) ounces (avdp) .0625 

таг drams (avdp) grains 27.3437 
cubic feet/min. cu. cms./sec. 472 
cubic feet/min. gallons/sec. .1247 на is ша deam ds oth) 1. 
cubic feet/min. liters/sec. 4720 p TO SP | 
cubic feet/min. pounds of water/min. 62.43 Е dynes grams 1.02 x 107° 
cubic feet/sec. million gals./day 646317 "is rem — n 
cubic Пода. gallons/min. _ 448.831 dyrs kilograms 1.02 x 1078 
cubic inches cu. cms. 16.39 dynes poundals 7.233 x 10? 
cubic inches cu. feet 5.787 x 10 dynes pounds 2.248 x 105 
sue inte Е лаз 102 syne, Т С 
cubic inches gallons 4.329 x 10? dyne/sq. cm. atmospheres : 9.869 x 107 
cubic inches liters 101639 dyne/sq. cm. inch of mercury а 0 С — 2.353 x 10? 
cubic inches mil-feet 1.061 x 105 dyne/sq. cm. inch of water at 4°C 4.015 x 10? 
cubic inches pints (U.S. liquid) .03463 dyne/sq. cm. gram (weight) 01573 
cubic inches quarts (U.S. liquid) 01732 dyne/sq. cm. bars 10 
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ell cm. 114.3 

ell inches 45 
“ии НЕЕ 
em, pica inch .167 

em, pica cm. 4233 

ПА м MM o 
ergs Btu 9.480 х 1011 
ergs dyne-centimeters 1 

ergs foot-pounds 7.367 х10 8 
ergs gram-calories 2.389 x 10? 
ergs gram-cms. 1.02 x 10? 

ergs horsepower-hrs. 3.725 x 10 1^ 
ergs joules 1077 

ergs kg.-calories 2389 x 1011 
ergs kg.-meters 1.02 x 107% 

ergs kilowatt-hrs. 2.778 х 10 ^ 
ergs watt-hours 2.778 x 1011 
эч ИРА © а ES 
ergs/sec. dyne-cm /sec. 1 

ergs/sec. Btu./min. 5.688 x 102 
ergs/sec. ft.-lbs./min. 4427 x 10° 
ergs/sec. ft.-Ibs./sec. 7.376 x 108 
ergs/sec. horsepower 1.341 x 1019 
ergs/sec. kg.-calories/min. 1.433 x 10? 
ergs/sec. kilowatts 10:19 
222-222 22  -2--25----- 
farads microfarads 10° 
faraday/sec. ampere (absolute) 9.65 x 10° 
faradays ampere-hours 26.8 

faradays coulombs 9.649 x 10° 
incu рез ЕЕ ЧЕН 
fathoms meter 1.828804 
fathoms feet 6 

ыы „ж ее_—== _—_ 
feet centimeters 30.48 

feet kilometers 3.048 х 104 
feet meters .3048 

feet miles (naut.) 1.645 х 107 
feet miles (stat.) 1.894 x 10 
feet millimeters 304.8 

ы І шаа 
feet of water atmospheres .0295 

feet of water in. of mercury .8826 

feet of water kgs./sq. cm. 03048 

feet of water kgs./sq. meter 304.8 

feet of water pounds/sq. ft. 62.43 

feet of water pounds/sq. in. 4335 
~ му ые 2. 
feet/min. cms./sec. .508 

feet/min. feet/sec. .01667 
feet/min. kms./hr. 01829 
feet/min. meters/min. .3048 

feet/min. miles/hr. .01136 

E a a 
feet/sec. cms./sec. 30.48 

feet/sec. kms./hr. 1.0973 
feet/sec. knots 5921 

feet/sec. meters/min. 18.29 

feet/sec. miles/hr. .6818 

feet/sec. miles/min. .01136 
Eu ee 
feet/sec./sec. cms./sec./sec. 30.48 
feet/sec./sec. kms./hr./sec. 1.097 
feet/sec./sec. meters/sec./sec. 3048 
feet/sec./sec. miles/hr./sec. .6818 

Gd datu a ____-- __=___-- 
feet/100 feet per cent grade 1 

foot-candle jumen/sq. meter 10.764 


== 
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foot-pounds Btu 1.286 x 10? 
foot-pounds ergs 1.356 x 107 
foot-pounds gram-calories .3238 
foot-pounds hp.-hrs. 5.05 x 107 
foot-pounds joules 1.356 
foot-pounds kg.-calories 3.24 x 104 
foot-pounds kg.-meters .1383 
foot-pounds kilowatt-hrs. 3.766 x 107 
faot-pounds/min. Btu/min. 1.286 x 10? 
foot-pounds/min. foot-pounds/sec. .01667 
foot-pounds/min. horsepower 3.03 x 10? 
foot-pounds/min. kg.-calories/min. 3.24x 104 
foot-pounds/min. kilowatts 2.26 x 10° 
foot-pounds/sec. Btu/hr. 4.6263 
foot-pounds/sec. Btu/min. 07717 
foot-pounds/sec. horsepower 1.818 x 10? 
foot-pounds/sec. kg.-calories/min. .01945 
foot-pounds/sec. kilowatts 1.356 x 10? 
furlongs miles (U.S.) .125 
furlongs rods 40 

furlongs feet 660 

gallons cu. cms. 3,785 
gallons cu. feet 1337 
gallons cu. inches 231 

gallons cu. meters 3.785 x 10? 
gallons cu. yards 4.951 x 10? 
gallons liters 3.785 
gallons (liq. Br. Imp.) gallons (U.S. liquid) 1.20095 
gallons (U.S.) gallons (Imp.) .83267 
gallons of water pounds of water 8.3453 
gallons/min. си. ft./sec. 2.228 x 10? 
gallons/min. liters/sec. 06308 
gallons/min. cu. ft./hr. 8.0208 
gausses lines/sq. in. 6.452 
gausses webers/sq. cm. 1078 

gausses webers/sq. in. 6.452 x 108 
gausses webers/sq. meter 10^ 

gilberts ampere-turns 7958 
gilberts/cm. amp.-turns/cm. 7958 
gilberts/cm. amp.-turns/in. 2.021 
gilberts/cm. amp.-turns/meter 79.58 

gills (British) cubic cm. 142.07 

gills liters .1183 

gills pints (liquid) 25 

grade radian 01571 
grains drams (avoirdupois) 03657143 
grains (troy) grains (avdp) 1 

grains (troy) grams .0648 

grains (troy) ounces (avdp) 2.0833 x 10? 
grains (troy) pennyweight (troy) .04167 
grains/U.S. gal. parts/million 17.118 
grains/U.S. gal. pounds/million gal. 142.86 
grains/Imp. gal. parts/million 14.286 
grams dynes 980.7 

grams grains 15.43 

grams joules/cm. 9.807 x 10° 
grams joules/meter (newtons) 9.807 x 10? 
grams kilograms .001 

grams milligrams 1,000 

grams ounces (аудр) .03527 
grams ounces (troy) .03215 
grams poundals .07093 
grams pounds 2.205 x 103 


EL 
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grams/cm. | pounds/inch || 56x10? inches centimeters 258 centimeters 2.94 
gramsícu. cm. pounds/cu. ft. 62.43 inches merers 2.54 x 10. 
grams/cu. cm pounds/cu. in. .03613 Са щ e x 10 
== 9i ттт ЕЕ ЕЕ Г е —р—_ = ———_ 
grams/liter grains/gal. 58.417 E os те 1 гы 
grams/liter pounds/1,000 gal. 8.345 E kae -2 
inches — үй — KIO 2.718 x 10 
grams/liter pounds/cu. ft. .062427 ЕЕ 1 a a 
grams/litr COLIT MM NEU MEME occ ш 1133 
grams/sg. cm. — —  pounds/sg.ft. — 2.0481 | — inches of да kgs./sq. cm. 03453 
gram-ca|ories Btu 3.9683 x 10? inches of mercury kgs./sq. meter 345.3 
дгат-са|огіеѕ ergs 4.1868 x 107 inches of mercury pounds/sq. ft. 70.73 
gram-ca| ories foot-pounds 3.088 , inches of mercury Inches of mercury — pounds/sqg.in. 492002 in. 4912 
gram-calories horsepower-hrs. 1.5596 x iu inches of water (at 4°C)  atmospheres 9 2456103 >С) atmospheres 2.458 x 10? 
gram-calories kilowatt-hrs. 1.163 x 107 inches of water (at 4°C) ^ inches of mercury .07355 
gram-cajories watt-hrs. |. 1.163 x 10 inches of water (at 4°C) —_kgs./sq. cm. 2.54 x 10? 
gram-calories/sec. Btu/hr. 14.286 inches of water (at 4°C) — ounces/sq. in. .5781 
"ҮЛ: .—— 1 "dana. ake inches of water (at 4°C) ^ pounds/sq. ft. 5.204 
sind ен is e ха inches of water (at 4^C) — pounds/sa. in. .03613 
gram- ‘ehtimeters joules 9.807 х 1075 International ampere — атреге (absolute) | .9998 
gram-centimeters kg.-cal. 2.343 x 108 International volt volts (absolute) | 1.0003 
gram-centimeters kg.-meters 107° | joules Btu 948 x 104 
hand cm. 10.16 joules ergs 10" 
не три ии: joules foot-pounds .7376 
hectares опа 2471 А joules kg.-calories 2.389 x 10^ 
hectares sq. feet 1.076 x 10 joules kg.-meters .102 
hectograms grams | 100 | joules watt-hrs. 2.718 X 104 
тегіс а mem 100 joules/cm. grams 1.02 x 10° 
------------------:----------- joules/cm. dynes 107 
hectometers meters 100 | joules/cm. joules/meter (newtons) 100 
„жьш SS та " 
hectowatts watts | 100 joules/cm. poundals 723.3 
т | с joules/cm. pounds 22.48 
= - - — kilograms dynes 980,665 
henries | millihenries 1,000 kilograms 
а Qo aqua қаған а: grams 1,000 
hogsheads (British) cubic ft. 10.114 kilograms joules/cm. .09807 
hogsheads (U.S.) cubic ft. 8.42184 kilograms joules/meter (newtons) 9.807 
hogsheads (U.S.) gallons (U.S.) 63 kilograms poundals 70.93 
ree auum ec Moe kilograms pounds 2.205 
horsepower Btu/min. 42.44 | а 
horsepower foot-Ibs./min. 33,000 т а Ped dee : kilograms ___ бозо) 1102105. -3 
horsepower foot-Ibs./sec. 550 grams ee z 
horsepower kg.-calories/min. 10.68 kilograms/cu. meter grams/cu.cm. 000000 grams/cu. cm. 001 
horsepower kilowatts 7457 kilograms/cu. meter pounds/cu. ft. 06243 
horsepower watts 745.7 kilograms/cu. meter pounds/cu. in. 3.613 x 107 
horsepower (metric) horsepower 9863 Kilograms/cu. meter  pounds/mil-foot — — 3.405 x 1079 - E х 10 !? 
баа 5ft. Ib /sec.) pee ft. рай | ima kilograms/meter pounds/ft. kilograms/meter ро. 62000 
(550 ft Ib./sec- (5425 ft Бе] | / врата т dynes ФН > 
Е (baile оће И 33 479 kilograms/sq. cm. atmospheres 9678 
horse E iud (boiler) kilowatt-hrs 9 803 kilograms/sq. ст. feet of water 32.81 
Е ЗОВ БВ ПИШИ kilograms/sq. cm. inches of mercury 28.96 
horsepower-hrs. Btu 2,547 kilograms/sq. cm. pounds/sq. ft. 2,048 
horsepower-hrs. ergs 2.6845 x 107 kilograms/sq. cm. Kilagrams/sq.cm. pounds/sq. in. 1422  —— — in. 14.22 
dale e a ii M" 1. kilograms/sq. meter atmospheres ||| 89.678x 105 — meter atmospheres 9.678 x 10° 
: pow E. g | atories 2 684 x TH kilograms/sq. meter bars 98.07 x 10 8 
ate 12 s | Ыз + i kilograms/sq. meter feet of water 3.281 x 1073 
Mis d rs. 9.-са 0185 s kilograms/sq. meter inches of mercury 2.896 x 10? 
погзером kg-meters 2.131 x 10 kilograms/sq. meter pounds/sq. ft. .2048 
horsepower-hrs. kilowatt-hrs. 1457 kilo -3 
ма: " | grams/sq. meter Klograms/sq. meter pounds/sq. in.  1422х107 _ in. 1.422 x 10 
dd e о X ШІ; kilograms/sq. mm. kgs./sq. meter kilograms/sg. тт. kgs./sq. meter 06000 10° 
ours weeks x 
МЕНИ шнш E MÀ Mr ee kilogram-calories | Btu 3968 calories Btu 3.968 
hundredy eights (long) pounds 112 kilogram-calories foot-pounds 3,088 
hundredweights (long) tons (long) .05 kilogram-calories hp.-hrs. 1.56 x 103 
hundredweights (short) ^ ounces (avoirdupois) 1,600 kilogram-calories joules 4,186 
hundredweights (short) pounds 100 kilogram-calories kg.-meters 426.9 
hundredweights (short) ^ tons (metric) 0453592 kilogram-calories kilojoules 4.186 
hundredweights (short) 1015 (long) 0446429 kilogram-calories kilowatt-hrs. KNogram-calories _____ kilowatt-hrs. — — ^ 1.163 x 10? _ 
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kilogram meters Btu 9.294 x 10" 
kilogram meters ergs 9.804 x 107 
kilogram meters foot-pounds 1.233 
kilogram meters joules 9.804 
kilogram meters kg.-calories 2.342 x 10? 
kilolines maxwells 1,000 
kiloliters liters 1,000 
kilometers centimeters 105 
kilometers feet 3,281 
kilo meters inches 3.937 x 10* 
kilometers meters 1,000 
kilometers miles .6214 
kilometers millimeters 10° 
kilometers yards 1,094 
kilometers/hr. cms./sec. 27.78 
kilometers/hr. feet/min. 54.68 
kilometers/hr. feet/sec. 9113 
kilometers/hr. knots .5396 
kilometers/hr. meters/min. 16.67 
kilo meters/hr. miles/hr. .6214 
kilometers/hr./sec. cms./sec./sec. 27.78 
kilometers/hr./sec. ft./sec./sec. 9113 
kilometers/hr./sec. meters/sec./sec. 2778 
kilometers/hr./sec. miles/hr./sec. 6214 
kilowatts Btu/min. 56.92 
kitowatts foot-Ibs./min. 4.426 x 10* 
kilowatts foot-Ibs./sec. 737.6 
kilowatts horsepower 1.341 
kilowatts kg.-calories/min. 14.34 
kilowatts watts 1,000 
kilowatt-hrs. Btu 3,413 
kilowatt-hrs. ergs 3.6 x 1013 
kilowatt-hrs. foot-Ibs. 2.655 x 10° 
kilowatt-hrs. gram-calories 859,850 
kilowatt-hrs. horsepower-hrs. 1.341 
kilowatt-hrs. joules 3.6 x 10° 
kilowatt-hrs. kg.-calortes 860.5 
kilowatt-hrs. kg.-meters 3.671 x 10? 
kilowatt-hrs. pounds of water 

evaporated from and 

at 212°F. 3.53 
kilowatt-hrs. pounds of water raised 

from 62° to 212°Е. 22.75 
knots feet/hr. 6,080 
knots kilometers/hr. 1.8532 
knots nautical miles/hr. 1 
knots statute miles/hr. 1.151 
knots yards/hr. 2,027 
knots feet/sec. 1.689 
lambert candles/sq. cm. 3183 
lambert candles/sq. in. 2.054 
league miles (approx.) 3 
light year miles 5.9 x 1012 
light year kilometers 9.49 x 1012 
lines/sq. cm. gausses 1 
lines/sq. in. gausses 155 
lines/sq. in. webers/sq. cm. 1.55 x 10? 
lines/sq. in. webers/sq. in. 1078 
lines/sq. in. webers/sq. meter 1.55 x 10° 
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links (engineer's) inches 12 

links (surveyor's) inches 7.92 

liters bushels (U.S. dry) .02838 

liters cu. cm. 1,000 

liters cu. feet .03531 

liters cu. inches 61.02 

liters cu. meters .001 

liters cu. yards 1.308 x 10? 
liters gallons (U.S. liquid) 3642 

liters pints (U.S. liquid) 2.113 

liters quarts (U.S. liquid) 1.057 

liters/ min. cu. ft./sec. 5.886 x 10° 
liters/min. gals./sec. 4.403 x 10? 
lumen spherical candle power .07958 
lumen watt .001496 
lumen/sq. ft. lumen/sq. meter 10.76 
lumen/sq. ft. foot-candles 1 

lumen/sq. cm. lamberts 1 

lumen/sq. cm. phot (incident) 1 

lumen/sq. meter lux (incident) [ 

lux foot-candles .0929 

lux lumen/sq. meter 1 

maxwells kilolines .001 
megalines maxwells 10° 
megohms microhms 1012 
megohms ohms 10° 

meters centimeters 100 

meters feet 3.281 
meters inches 39.37 
meters kilometers .001 

meters miles (naut.) 5.396 x 10% 
meters miles (stat.) 6.214 x 10“ 
meters millimeters 1,000 
meters yards 1.094 
meters varas 1.179 
meters/min. cms./sec. 1.667 
meters/min. feet/min. 3.281 
meters/min. feet/sec. .05468 
meters/min. kms./hr. .06 
meters/min. knots .03238 
meters/min. miles/hr. .03728 
meters/sec. feet/min. 196.8 
meters/sec. feet/sec. 3.281 
meters/sec. kilometers/hr. 3.6 
meters/sec. kilometers/min. 06 
meters/sec. miles/hr. 2.2369 
meters/sec. miles/min. .03728 
meters/sec./sec. cms./sec./sec. 100 
meters/sec./sec. ft./sec./sec. 3.281 
meters/sec./sec. kms./hr./sec. 3.6 
meters/sec./sec. miles/hr./sec. 2.237 
meter-kilograms cm.-dynes 9.807 x 107 : | 
meter-kilograms cm.-grams 10° ы 
meter-kilograms pound-feet 1.233 Е 
microfarad farads 10 5 5 
micrograms grams 1079 
microhms megohms 10712 
microhms ohms 107 
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microliters 
microns 


miles (naut.) 
miles (naut.) 
miles (naut.) 
miles (naut.) 
miles (naut.) 
miles (stat.) 
miles (stat.) 
miles (stat.) 
miles (stat.) 
miles (stat.) 
miles (stat.) 
miles (stat.) 


miles/hr! 
miles/hr| 
miles/hr. 
miles/hr| 
miles/hr| 
miles/hr 
miles/hr. 
miles/hr. 


miles/hr /бес. 
miles/hr./sec. 
miles/hr //sec. 
miles/hr./sec. 


miles/min. 
miles/min. 
miles/min. 
miles/min. 
miles/min. 


mil.-feet 
millibars 
milliers | 
reas | 
millimicrons 

on 1 
milligrams 
milligrams 

pr | * 
milligrams/liter 

m l. 
millihenries 

na | 
milliliters 

ne | 
millimeters 
millimeters 
millimeters 
millimeters 
millimeters 
deed d 
millimeters 
millimeters 


million gals./day 


mils 
mils 
mils 
mils 
mils 


Е 3 | 
miner's inches 


minims (British) 
minims (U.S. fluid) 


liters 
meters 


feet 
kilometers 
meters 
miles (stat.) 
yards 


centimeters 
feet 

inches 
kilometers 
meters 

miles (naut.) 
yards 


cms./sec. 
feet/min. 
feet/sec. 
kms./hr. 
kms./min. 
knots 
meters/min. 
miles/min. 


cms./sec./sec. 
feet/sec./sec. 
kms./hr./sec. 
meters/sec./sec. 


cms./sec. 
feet/sec. 
kms./min. 
knots 
miles/hr. 


cu. inches 
Ibs./sq. in. 
kilograms 
meters 


grains 
grams 


parts/million 
henries 
liters 


centimeters 
feet 

inches 
kilometers 
meters 
miles 

mils 

yards 


cu. ft./sec. 


centimeters 
feet 

inches 
kilometers 
yards 


cu. ft./min. 


cubic cm. 
cubic cm. 


106 
106 


6,080.27 
1.853 
1,853 
1.1516 
2,027 


1.609 х 10° 
5,280 
6.336 x 10“ 
1.609 
1,609 
18684 
1,760 


44.7 
88 
1.467 
1.6093 
.02682 
.8684 
26.82 
.1667 


44,7 
1.467 
1.609 
447 


2,682 
88 
1.609 
8684 
60 


9.425 х 10° 
0145 

1,000 

10? 


01543236 
001 


4 
3.281 x 103 
03937 

107 

.001 

6.214 x 107 
39.37 

1.094 x 103 


1.54723 


2.54 x 10? 
8.333 x 1075 
.001 

2.54 x 108 
2.778 x 1T? 


1.5 


.059192 
.061612 
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minutes (angles) 
minutes (angles) 
minutes (angles) 
minutes (angles) 


myriagrams 
myriameters 
myriawatts 
nepers 


ohm (International) 
ohm 
ohm 


ounces (avdp) 
ounces (avdp) 
ounces (avdp) 
ounces (avdp) 
ounces (амдр) 
ounces (avdp) 
ounces (ауар) 


ounces (fluid) 
ounces (fluid) 


ounces (troy) 
ounces (troy) 
ounces (troy) 
ounces (troy) 
ounces (troy) 


ounces/sq. inch 
ounces/sq. inch 


parsec 
parsec 


parts/million 
parts/million 
parts/million 


pecks (British) 
pecks (British) 


pecks (U.S.) 
pecks (U.S.) 
pecks (U.S.) 
pecks (U.S.) 


pennyweights (troy) 
pennyweights (troy) 
pennyweights (troy) 
pennywieghts (troy) 


phots 
phots 


pints (dry) 


pints (liquid) 
pints (liquid) 
pints (liquid) 
pints (liquid) 
pints (liquid) 
pints (liquid) 
pints (liquid) 
pints (liquid) 


Planck's quantum 


poise 


degrees 
quadrants 
radians 
seconds 


kilograms 
kilometers 
kilowatts 
decibels 


ohm (absolute) 
megohms 
microhms 


drams 

grains 

grams 
pounds 
ounces (troy) 
tons (long) 
tons (metric) 


cu. inches 
liters 


grains 
grams 
ounces (avdp.) 


pennyweights (troy) 


pounds (troy) 


dynes/sq. cm. 
pounds/sq. in. 


miles 
kilometers 


grains/U.S. gal. 
grains/Imp. gal. 


pounds/million gal. 


cubic inches 
liters 


bushels 
cubic inches 
liters 

quarts (dry) 


grains 
ounces (troy) 
grams 
pounds (troy) 


lumen/sq. cm. 
lux 


cu. inches 


cu. cms. 

cu. feet 

cu. inches 

cu. meters 

cu. yards 
gallons 

liters 

quarts (liquid) 


erg.-second 


gram/cm. sec. 


01667 
1.852 x 103 
2.909 x 107 
60 


1.0005 
10 5 
10$ 


16 
437.5 
28.349527 
.0625 

9115 

2.790 x 10? 
2.835 x 10° 


1.805 
02957 


480 
31.103481 
1.09714 
20 

08333 


4309 
0625 


19 x 10:2 
3.084 x 1013 


.0584 
07016 
8.345 


554.6 
9.091901 


.25 
537.605 
8.809582 
8 


24 

05 

1.55517 
4.1667 х 103 


1 
104 


33.6 


473.2 
01671 
28.87 

4.132 x 10^ 
6.189 x 10 3 
.125 

4732 

5 


6.624 x 107? 
1 
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poundals 
poundais 
poundals 
poundals 
poundals 
poundals 


pounds 
pounds 
pounds 
pounds 
pounds 
pounds 
pounds 
pounds 
pounds 
pounds 
pounds 
pounds 


pounds (troy) 
pounds (troy) 
pounds (troy) 
pounds (troy) 
pounds (troy) 
pounds (troy) 
pounds (troy) 
pounds (troy) 
pounds (troy) 


pounds of water 
pounds of water 
pounds of water 


pounds of water/min. 


pound-feet 
pound-feet 
pound-feet 


pounds/cu. ft. 
pounds/cu. ft. 
pounds/cu. ft. 
pounds/cu. ft. 


pounds/cu. in. 
pounds/cu. in. 
pounds/cu. in. 
pounds/cu. in. 


pounds/ft. 
pounds/in. 
pounds/mil.-foot 


pounds/sq. ft. 
pounds/sq. ft. 
pounds/sq. ft. 
pounds/sq. ft. 
pounds/sq. ft. 


pounds/sq. in. 
pounds/sq. in. 
pounds/sq. in. 
pounds/sq. in. 
pounds/sq. in. 
pounds/sq. in. 


quadrants (angle) 
quadrants (angle) 
quadrants (angle) 
quadrants (angle) 


dynes 
grams 
joules/cm. 


joules/meter (newtons) 


kilograms 
pounds 


drams 
dynes 
grains 
grams 
joules/cm. 


joules/meter (newtons) 


kilograms 
ounces 
ounces (troy) 
poundals 
pounds (troy) 
tons (short) 


grains 
grams 
ounces (avdp) 
ounces (troy) 


pennyweights (troy) 


pounds (avdp) 
tons (long) 
tons (metric) 
tons (short) 


cu. feet 
cu. inches 
gallons 


cu. ft./sec. 


cm.-dynes 
cm.-grams 
meter-kgs. 


grams/cu. cm. 
kgs./cu. meter 
pounds/cu. in. 
pounds/mil.-foot 


gms./cu. cm. 
kgs./cu. meter 
pounds/cu. ft. 
pounds/mil.-foot 


kgs./meter 
gms./cm. 
gms./cu. cm. 


atmospheres 

feet of water 
inches of mercury 
kgs./sq. meter 
pounds/sq. in. 


atmospheres 

feet of water 
inches of mercury 
kgs./sq. meter 
pounds/sq. ft. 
millibars 


degrees 
minutes 
radians 
seconds 


1.383 x 1073 
.1383 

0141 
.03108 


256 
44.4823 x 10° 
7,000 
453.5924 
04448 
4.448 
4536 

16 
14.5833 
32.17 
1.21528 
0005 


5,760 
373.24177 


240 

822857 
3.6735 x 103 
3.7324 x 103 
4.1143 x 10* 


.01602 
27.68 
‚1198 


2.67 x 10? 


1.356 x 107 
13,825 
.1383 


.01602 
16.02 

5.787 х 104 
5.456 x 10? 


27.68 
2.768 x 10? 
1,728 

9.425 x 10 8 


1.488 
178.6 
2.306 x 10° 


4.125 x 104 
01602 
01414 
4.882 

6.944 x 10? 


.06804 
1.307 
2.035 
703.1 
144 
68.9 


90 

5,400 
1.571 
3.24 х 10° 
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quarts (dry) cu. inches 67.2 

quarts (liquid) cu. cms. 946.4 

quarts (liquid) cu. feet .03342 
quarts (liquid) cu. inches 57.75 

quarts (liquid) cu. meters 9.464 x 10 * 
quarts (liquid) cu. yards 1.238 x 10? 
quarts (liquid) gallons 25 

quarts (liquid) liters 9463 
radians degrees 57.3 

radians minutes 3,438 
radians quadrants .6366 
radians seconds 2.063 x 10° 
radians/sec. degrees/sec. 57.3 
radians/sec. revolutions /min. 9.549 
radians/sec. revolutions/sec. .1592 
radians/sec./sec. revs./min./min. 573 
radians/sec./sec. revs./min./sec. 9.549 
radians/sec./sec. revs./sec./sec. .1592 
revolutions degrees 360 
revolutions quadrants 4 
revolutions radians 6.283 
revolutions/min. degrees/sec. 6 
revolutions/min. radians/sec. .1047 
revolutions/min. revs./sec. .01667 
revolutions/min./min. radians/sec./sec. 1.745 x 103 
revolutions/min./min. revs./min./sec. .01667 
revolutions/min./min. revs./sec./sec. 2.778 x 103 
revolutions/sec. degrees/sec. 360 
revolutions/sec. radians/sec. 6.283 
revolutions/sec. revs./min. 60 
revolutions/sec./sec. radians/sec /sec. 6.283 
revolutions/sec./sec. revs./min./min. 3,600 
revolutions/sec./sec. revs./min./sec. 60 

rod chain (Gunters) 25 

rod meters 5.029 

rod yards 5.5 

rod feet 16.5 
scruples grains 20 

seconds (angle) degrees 2.778 x 103 
seconds (angle) minutes 01667 
seconds (angle) quadrants 3.087 х10 5 
seconds (angle) radians 4.848 x 10° 
slug kilogram 14.59 

slug pounds 32.17 
sphere steradians 12.57 
square centimeters circular mils 1.973 x то? 
square centimeters sq. feet 1.076 x 10? v 
square centimeters sq. inches. || ERP 5 gs (РАМ) 


square centimeters с |; sy meéteri- № 


square centimeters sq. milegt! Р npe Tos 3.861 XU a rod 


square centimeters ag illimpteis. Chat nf 400" 

square centimeters 950. Veris or DAR KAKAN Ух 10? 5 
square feet acres 2.296 x 107° 5 
square feet circular mils 1.833 x 10? = 
square feet sq. cms. 929 D 
square feet sq. inches 144 5 
square feet sq. meters .0929 

square feet sq. miles 3.587 x 10 8 

square feet sq. millimeters 9.29 x 104 

square feet sq. yards .1111 
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square inches 
square inches 
square inches 
square inches 
square inches 
square inches 


square kilometers 
square kilometers 
square kilometers 
square kilometers 
square kilometers 
square kilometers 
square kilometers 


square meters 
square meters 
square meters 
square meters 
square meters 
square meters 
square meters 


square miles 
square miles 
square miles 
square miles 
square miles 


square millimeters 
square millimeters 
square millimeters 
square millimeters 


square mils 
square mils 
square mils 


square yards 
square yards 
square yards 
square yards 
square yards 
square yards 
square yards 


temperature 

(°C) + 273 
temperature 

(°C) + 17.78 
temperature 

(°F) + 460 
temperature (°F) -32 


tons (long) 

tons (long) 

tons (long) 

tons (metric) 
tons (metric) 
tons (short) 
tons (short) 
tons (short) 
tons (short) 
tons (short) 
tons (short) 
tons (short) 
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circular mils 
sq. cms. 

sq. feet 

sq. millimeters 
sq. mils 

sq. yards 


sq. inches 
sq. meters 
sq. miles 
sq. yards 


acres 
sq. cms. 

sq. feet 

sq. inches 

sq. miles 

sq. millimeters 
sq. yards 


acres 
sq. feet 
sq. kms. 
sq. meters 


sq. yards 


circular mils 
sq. cms. 

sq. feet 

sq. inches 


circular mils 
sq. cms. 
sq. inches 


acres 
sq. cms. 

sq. feet 

sq. inches 

$9. meters 

sq. miles 

sq. millimeters 


absolute temperature 


(Kelvin) 
temperature (^F) 


absolute temperature 


(Rankine) 
temperature (^C) 


kilograms 
pounds 

tons (short) 
kilograms 
pounds 
kilograms 
Qunces 
ounces (troy) 
pounds 
pounds (troy) 
tons (long) 
tons (metric) 


1.273 x 10* 


10.76 x 10* 
1.55 x 10? 
105 

3861 
1.196 x 10° 


2.471 x 104 
104 

10.76 

1,550 

3.861 x 1077 
105 


27.88 x 10° 
2.59 

2.59 x 10° 
3.098 x 10° 


71,973 


01 
1.076 x 102 
1.55 x 10 3 


1.273 
6.452 x 109 
10 5 


2.066 x 104 
8,361 

9 

1,296 

8361 

3.228 x 1077 
8.361 х 105 


1 
1.8 


5/9 


1,016 
2,240 
1.12 
1,000 
2,205 
907.1848 
32,000 
29,166.66 
2,000 
2,430.56 
89287 
9078 
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tons (short)/sq. ft. 
tons (short)/sq. ft. 


tons of water/24 hrs. 
tons of water/24 hrs. 
tons of water/24 hrs. 


volt/inch 
volt (absolute) 


watt (International) 


watts 
watts (Abs.) 
watts (Abs.) 


watt-hours 
watt-hours 
watt-hours 
watt-hours 
watt-hours 
watt-hours 
watt-hours 
watt-hours 


webers 
webers 


webers/sq. in. 
webers/sq. in. 
webers/sq. in. 
webers/sq. in. 


webers/sq. meter 
webers/sq. meter 
webers/sq. meter 
webers/sq. meter 


yards 
yards 
yards 
yards 
yards 
yards 


kgs./sq. meter 
pounds/sq. in. 


pounds of water/hr. 


gallons/min. 
cu. ft./hr. 


volt/cm. 
statvolts 
watt (absolute) 


Btu/hr. 
Btu/min. 
ergs./sec. 
foot-Ibs./min. 
foot-Ibs./sec. 
horsepower 


horsepower (metric) 


kg.-calories/min. 
kilowatts 
lumens 

Btu (mean)/min. 
joules/sec. 


Btu 

ergs. 
foot-pounds 
gram-calories 
horsepower-hrs. 
kilogram-calories 
kilogram-meters 
kilowatt-hrs. 


maxwells 
kilolines 


gausses 
lines/sq. in. 
webers/sq. cm. 
webers/sq. meter 


gausses 
lines/sq. in. 
меһеге/54. cm. 
webers/sq. in. 


centimeters 
kilometers 
meters 

miles (naut.) 
miles (stat.) 
millimeters 


9,765 
13.9 


83.333 
.16643 
1.3349 


.3937 
.003336 
1.0002 


3.4192 
05688 
107 

44.27 
7378 
1.341х 103 
1.36 х 103 
01433 
001 

668 
056884 

1 


3.413 

3.6 x 1019 
2,656 
859.85 
1.341 x 10? 
.8605 

367.2 

001 


102 
105 


1.55 х 107 
103 

.155 
1,550 


104 

6.452 x 104 
10 ^ 

6.452 x 10? 


91.44 
9.144 x 104 
9144 
4.934 x 10% 
5.682 x 10? 
914.4 
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1. Introduction 
1.1 General 


Fluid power systems are those that transmit 
and control power through use of a pressur- 
ized fluid (liquid or gas) within an enclosed 
circuit. 


Types of symbols commonly used in drawing 
circuit diagrams for fluid power |systems dre 
Pictorial, Cutaway, and Graphic. These sym- 
bols are fully explained in the USA Standard 
ii Pi Manual (Ref. 2). 


1.1.1 Pictorial symbols are very useful for 
showing the interconnection of components. 
They are difficult to standardize from a func- 
tional basis. 


1.1.2 Cutaway symbols emphasize construc- 
tion, These symbols are complex to draw and 
the functions are not readily apparent. 


1.1.3 Graphic symbols emphasize {Ве function 
and methods of operation of components. These 
symbols are simple to draw. Component func- 
tions and methods of operation are obvious. 
|: | А 
Graphic symbols are capable of crossing lan- 
guage barriers, and can promote a universal 
understanding of fluid power systems. 


Graphic symbols for fluid power systems 
should be used in conjunction with the graphic 
symbols for other systems published by the USA 
Standards Institute (Ref. 3-7 inclusive). 


1.1.3.1 Complete graphic symbols are those 
which give symbolic representation of the 
component and all of its features pertinent to 
the circuit diagram. 


1.1.3.2 Simplified graphic symbols are stylized 
versions of the complete symbols. 

1.1.3.3 Composite graphic symbols are an organ- 
ization of simplified or complete symbols. Com- 


posite symbols usually represent a complex 
component. 


| 
1.2 Scope and Purpose 


1.2.1 Scope — This standard presents a sys- 
tem ol graphic symbols for fluid power dia- 
grams. 


1.2.1.1 Elementary forms of symbols are: 


Circles Rectangles Arcs Dots 
Squares Triangles Arrows кіні 
1.2.1.2 Symbols using words or their abbrev 


Ја. 
tiong are avoided. Symbols capable of ш й 
ing language barriers are presented herein. 


1.2.1.3 Component function rather than con- 
struction is emphasized by the symbol. 


1.2.1.4 The means of operating fluid power 
components are shown as part of the symbol 
(where applicable). 


1.2.1.5 This standard shows the basic symbols, 
describes the principles on which the sym- 
bols are based, and illustrates some represen- 
tative composite symbols. Composite symbols 
can be devised for any fluid power compon- 
ent by combining basic symbols. 


Simplified symbols are shown for commonly 
used components. 


1.2.1.6 This standard provides basic symbols 
which differentiate between hydraulic and 
pneumatic fluid power media. 


1.2.2 Purpose 


1.2.2.1 The purpose of this standard is to pro- 
vide a system of fluid power graphic symbols 
for industrial and educational purposes. 


1.2.2.2 The purpose of this standard is to sim- 
plify design, fabrication, analysis, and service 
of fluid power circuits. 


1.2.2.3 The purpose of this standard is to pro- 
vide fluid power graphic symbols which are 
internationally recognized. 


1.2.2.4 The purpose of this standard is to pro- 
mote universal understanding of fluid power 
systems. 


1.3 Terms and Definitions 


Terms and corresponding definitions found in 
this standard are listed in Section k-a. 


2. Symbol Rules 


2.1 Symbols show connections, flow paths, 
and functions of components represented. 
They can indicate conditions occurring during 
transition from one flow path arrangement to 
another. Symbols do not indicate construction, 
nor do they indicate values, such as pressure, 
flow rate, and other component settings. 


2.2 Symbols do not indicate locations of ports, 
direction of shifting of spools, or positions of 
actuators on actual component. 


2.3 Symbols may be rotated or reversed with- 
out altering their meaning except in the cases 
of: a.) Lines to Reservoir, 4.1.1;b.) Vented Man- 
ifold, 4.1.2.3; c.) Accumulator, 4.2. 


2.4 Line Technique 


Keep line widths approximately equal. Line 
width does not alter meaning of symbols. 


2.4.1 Solid Line — Main 


(Main line conductor, outline, and shaft) 
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2.4.2 Dash Line — Pilot 


— AM i — n —» ань нан ние. so" 


(Pilot line for control) 


2.4.3 Dotted Line 


(Exhaust or Drain line) 


2.4.4 Center Line 


— € — ——  — o — M — —  —— € —— = —— — = 


(Enclosure outline) 





2.4.5 Sensing Line — Sameas line to whichit 
connects. 


2.4.6 Lines Crossing (The intersection is not 
necessarily at a 90? angle.) 


X 


2.4.7 Lines Joining 


-- 44 A or EN - 
2.5 Basic symbols may be shown any suitable 
size. Size may be varied for emphasis or clar- 


ity. Relative sizes should be maintained. (As 
in the following example.) 


2.5.1 Circle and Semi-Circle 


Одос 


2.5.1.1 Large and small circles may be used 
to signify that one component is the "main" 
and the other the auxiliary. 


000 


2.5.2 Triangle А A 

2.5.3 Arrow — p 

2.5.4 Square E 
Rectangle 


2.6 Letter combinations used as parts of 
graphic symbols are not necessarily abbrevia- 
tions. 


2.7 In multiple envelope symbols, the flow con- 
dition shown nearest an actuator symbol takes 
place when that control is caused or permitted 
to actuate. 
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2.8 Each symbol is drawn to show normal, at- 
rest, or neutral conditon of component unelss 
multiple diagrams are furnished showing var- 
ious phases of circuit operation. Show an ac- 
tuator symbol for each flow path conditon pos- 
sessed by the component. 


2.9 An arrow through a symbol at approxi- 
mately 45 degrees indicates that the compon- 
ent can be adjusted or varied. 


zx 27 


2.10 An arrow parallel to the short side of a 
symbol, within the symbol, indicates that the 
component is pressure compensated. 


D 


2.11 A line terminating in a dot to represent 
a thermometer is the symbol for temperature 
cause or effect. 


See Temperature Controls 7.9, Temperature In- 
dicators and Recorders 9.1.2, and Temperature 
Compensation 10.16.3 and 4. 


2,12 External ports are located where flow 
lines connect to basic symbol, except where 
component enclosure symbol is used. 


External ports are located at intersections of 
flow lines and component enclosure symbol 
when enclosure is used, see Section 11. 


2.13 Rotating shafts are symbolized by an ar- 
row which indicates direction of rotation 
(assume arrow on near side of shaft). 


O% OF 


3. Conductor, Fluid 
3.1 Line, Working (main) 





3.2 Line, Pilot (for control) 


ош пи a o — о о it 


— € — = = == кешелек — = = == — — — M => = — — — — — — — — 


3.4 Line, sensing, etc. such as gauge lines 











general data. 
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shall be drawn the same as the line to which 
it connects. 


3.5 Flow, Direction of 

5.1 Pneumatic ———(»— —<}———CD— 
3.5.2 Hydraulic ____њ|_ 4 » 
3.6 Line, Pneumatic (Outlet to Atmosphere) 


ü Plain orifice, unconnectable | 


3.6.2 Connectable orifice (e.g. Thread) | 


3.7 Line with Fixed Restriction 


———“ =." 


oso а а инна 


— — 


3.8 Line, Flexible 


КИ 


3.9 Station, Testing, measurement, or power 
take-off 


3.9.1 Plugged port 





== 


3.10 Qucik Disconnect 


3.10,1 Without Checks 
Connected 


yg 


Disconnected 


4 }-- 


3.10.2 With Two Checks 
Connected 


Disconnected 


— OH 6 





3.10.3 With One Check 
Connected 


У —> О 


3.11 Rotating Coupling — ка -- 


Disconnected 





4. Energy Storage and Fluid Storage 


4.1 Reservoir 
Vented Pressurized 


_ Е 


NOTE: Reservoirs ar conventionally drawn in 
the horizontal plane. All lines enter and leave 
from above. 


4.1.1 Reservoir with Connecting Г АБоуе 
Fluid Level 


OTIT 


Below Fluid Level 


боца. 


* Show line entering or leaving below reservoir ілу when such 
bottom connection is essential to circuit function. 


4.1.2 Simplified symbol 


L 


The symbols are used as part of a complete circuit. They are 
analogous to the ground symbol of electrical diagrams. -- |! 
ТЕС . Several such symbols may be used in one diagram 
to represent the same reservoir. 


4.1.2.1 Below Fluid Level 
h а 
ШЕ 
4.1.2.2 Above Fluid Level 
| | 
| 
[ШИШ 
(The return line is drawn to terminate at the upright legs 


of the tank symbol.) 


LJ 


4.1.2.3 Vented Manifold 


4.2 Accumulator 


4.2.1 Accumulator, Spring Loaded 
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4.2.2 Accumulator, Gas Charged 


(Corners may be filled in to represent triangles.) 
4.2.3 Accumulator, Weighted 


5.1.3 Temperature Controller (The tempera- 
ture is to be maintained between two prede- 
termined limits.) 


4.3 Receiver, for Air or Other Gases 


съ я 


4.4 Energy Source (Pump, Compressor, Accu- 
mulator, etc.) 





This symbol may be used to represent a fluid 
power source which may be a pump, compres- 
sor, or another associated system. 


Hydraulic —№—— Pneumatic —D— — 5.2 Filter — Strainer 


Simplified Symbol 


Example: 


9 


5.3 Separator 
5.3.1 With Manual Drain 


$ 


5.3.2 With Automatic Drain 
5. Fluid Conditioners 


© 


5.4 Filter — Separator 
Devices which control the physical charac- | 
teristics of the fluid. 5.4.1 With Manual Drain 


5.1 Heat Exchanger 
5.1.1 Heater 


<D PS 2 5.4.2 With Automatic Drain 


Inside triangles in- Outside triangles Outside triangles 
dicate the intro- show the heating show the heating 
duction of heat. medium is liquid. medium is gaseous. 


5.1.2 Cooler 5.5 Dessicator (Chemical Dryer) 
<p or -> 


Inside triangles indicate heat dissipation 


Ф 


neral data 
1 
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5.6 Lubricator 


6.3 Servo Positioner (Simplified) 


5.6.1 Less Drain | 
| 


5.6.2 With Manual Drain 


6. Linear Devices 


6.1 Cylinders, Hydraulic and Pneumatic 


6.1.1 Single Acting | 
"| Double Acting | 


6.1.2.1 Single End Rod 


ЕНІ- 


6.1.2.2 Double End Rod 


ЕН 


6.1.2.3 Fixed Cushion, Advance and Ве ас! 


В 


6.1.2.4 Adjustable Cushion, Advance Only 


Е-- 


6.1.2.5 Use these symbols when diameter of 
rod compared to diameter of bore is signifi- 
- to circuit function. 





Non Cushion 


6.2 Pressure Intensifier 


Hydraulic Pneumatic 


6.4 Discrete Positioner 


Combine two or more basic cylinder symbols. 
| | | 





7. Actuators and Controls 


м м 
7.2 Manual 
S 


(Use as general symbol without indication of specific type; 
i.e., foot, hand, leg arm.) 


(=j 


7.1 Spring 


7.2.1 Push Button 


7.2.2 Lever 


7.2.3 Pedal or Treadle 


7.3 Mechanical 


7.4 Detent 
og 


(Show a notch for each detent in the actual 
component being symbolized. A short line in- 
dicates which detent is in use.) Detent may, 
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for convenience, be positioned on either end 


of symbol. 


7.8.1 Solenoid or Pilot 


7.5 Pressure Compensated НЕС 


7.6 Electrical 


7.6.1 Solenoid (Single Winding) 


Z pm 


7.6.2 Reversing Motor 


MEL 


7.7 Pilot Pressure 


7.7.1 е | 


Remote Supply 


7.7.2 


Of 


Internal Supply 


7.7.3 Actuation by Released Pressure 


-4 


by Remote Exhaust 


| 


by Internal Return 


7.7.4 Pilot Controlled, Spring Centered 
Simplified Symbol 


OUR DIM 


Complete Symbol 


7.7.5 Pilot Differential 


г pes d 


Simplified Symbol 


7.8 Solenoid Pilot 


Complete Symbol 


External Pilot 
Supply 


Internal Pilot Supply 


and Exhaust 


7.8.2 Solenoid and Pilot 
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АА 


24 Г 


7.9 Thermal — A mechanical device respond- 


ing to thermal change. 


7.9.1 Local Sensing 


7.9.2 With Bulb for Remote Sensing 


7.10 Servo 


(This symbol contains representation for en- 
ergy input, command input, and resultant 


output.) 


7.11 Composite Actuators (and, or, and/or) 


Basic . . One signal only 
causes the device to 
operate. 


And . . One signal and a 
second signal both cause 
the device to operate. 


Or . . One signal or the 
other signal causes the 
device to operate. 


And/Or . . The solenoid 
and the pilot or the man- 
ual override alone causes 
the device to operate. 


x 
iur 


шай 
шын 


general data 
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ma 8.2.2.2 Bidirectional 
E go qe 
М 


The solenoid and the pilot or 
the manual override and the The solenoid and the pilot or 


pilot. a manual override and the pi- А T 
lot or a manual override alone. Simplified Complete 


8. Rotary Devices 
y 8.2.3 Variable Displacement, Pressure Compen- 


8.1 Basic Symbol sated 


4) ( ON .8.2.3.1 Unidirectional 
8.1.1 With Ports 2 
| 


СА { J 
Simplified Complete 


8.2.3.2 Bidirectional 


8.1.2 With Rotating Shaft, with) control and 
with Drain. 
| | 
{ | 
ы Lo 


8.2 Hydraulic Pump 


Simplified Complete 
8.3 Hydraulic Motor 


| 8.3.1 Fixed Displacement 
8.2.0 Fixed Displacement 


ща! Unidirectional © Q 


8.3.1.2 Bidrectional 


8.2.1.2 Bidirectional 


8.3.2 Variable Displacement 


| | 8.3.2.1 Unidirectional 
8.2.2 Variable Displacement, Non-compen- 


ate 
8.2.2.1 Unidirectional 


8.3.2.2 Bidirectional 





Simplified Camplete 
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8.4 Pump-Motor, Hydraulic 


8.4.1 Operating in one direction as a pump. 
Operating in the other direction as a motor. 


8.4.1.1 Complete Symbol 


Но 


8.4.1.2 Simplified Symbol 


8.4.2 Operating one direction of flow as either 
a pump or as a motor. 


8.4.2.1 Complete Symbol 


G 


8.4.2.2 Simplified Symbol 


2 


8.4.3 Operating in both directions of flow 
either as a pump or as a motor. (Variable dis- 
placement, pressure compensated shown.) 


8.4.3.1 Complete Symbol 


ut 


8.4.3.2 Simplified Symbol 


v 


8.5 Pump, Pneumatic 


8.5.1 Compressor, Fixed Displacement 


5 
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8.5.2 Vacuum Pump, Fixed Displacement 


8.6 Motor, Pneumatic 
8.6.1 Unidirectional 


8.6.2 Bidirectional 


8.7 Oscillator 


8.7.1 Hydraulic 


8.7.2 Pneumatic 


8.8 Motors, Engines 
8.8.1 Electric Motor 


(йо 


8.8.2 Heat Engine (E.G. internal combustion 


engine.) 


LJ 


9. Instruments and Accessories 


9.1 Indicating 


9.1.1 Pressure 


and Recording 


9 
© ® 


general data 
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РН luid power 





graphic symbols continued 


o 
© oo 


9.1.3 Flow Meter 
9.1.3.1 Flow Rate 


9.1.2 Temperature 


9.1.3.2 Totalizing 
9.2 Sensing 
9.2.1 Venturi 


9.2.2 Orifice Plate 


о 


9.2.3 Pilot Tube 


9.2.4 Nozzle 
— 
——b ————Àb 
Hydraulic Pneumatic 


9.3 Accessories 


9.3.1 Pressure Switch 


9.3.2 Muffler 


с (c-10) 





10. Valves 


A basic valve symbol is composed of one or 
more envelopes with lines inside the enve- 
lope to represent flow paths and flow condi- 
tioners between ports. Three symbol systems 
are used to represent valve types: single en- 
velope, both finite and infinite position; mul- 
tiple envelope, finite position; and multiple 
envelope, infinite position. 


10.1 In infinite position single envelope valves, 
the envelope is imagined to move to illus- 
trate how pressure or flow conditions are con- 
trolled as the valve is actuated. 


10.2 Multiple envelopes symbolize valves pro- 
viding more than one finite flow path option 
for the fluid. The multiple envelope moves 
to represent how flow paths change when the 
the valving element within the component is 
shifted to its finite positions. 


10.3 Multiple envelope valves capable of infin- 
ite positioning between certain limits are sym- 
bolized as in 10.2 above with the addition of 
horizontal bars which are drawn parallel to 
the envelope. The horizontal bars are the clues 
to the infinite positioning function possessed 
by the valve re-represented. 


10.4 Envelopes 


diia 


10.5 Ports 


Eco ote 


10.6 Ports, Internally Blocked 


:] Zn 


Symbol System 10.1 Symbol System р 2 


10.7 Flow Paths, Internally Open қом Sys- 
tem 10.1 and 10.2) 


HE HEX 


Symbol Symbol 
System System 
10.1 10.2 
10.8 Flow Paths, Internally Open ие 
System 10.3) 


ЕЕ 
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10.9 Two-Way Valves (2 Ported Valves) 
10.9.1 On-Off (Manual Shut Off) 
Simplified 


Off 


On 


10.9.2 Check Ò 


Simplified Symbol 






Flow to the right 
is blocked. Flow 
to the left is 
permitted. 


(Composite 
Symbol!) 


MS 


10.9.3 Check, Pilot-Operated to Open 


Jer 


10.9.4 Check, Pilot-Operated to Close 
| 


- Оң 
10.9.5 Two-Way Valves 
10.9.5.1 Two-Position 


ашты 


Normally Closed Normally Open 


10.9.5.2 Inifinite Position 


MU 


Normally Closed Normally Open 
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10.10 Three-Way Valves 
10.10.1 Two-Position 
10.10.1.1 Normally Open 


МЕРИН 


10.10.1.2 Normally Closed 


{ЛГ 


10.10.1.3 (Distributor Pressure is distributed 
first to one port, then the other). 


ЈЕ 


10.10.1.4 Two-Pressure 


jus 


10.10.2 Double Check Valve — Double check 
valves can be built with and without "cross 
bleed". Such valves with two poppets do not 
usually allow pressure to momentarily "cross 
bleed" to return during transition. Valves with 
one poppet may allow "cross bleed" as these 
symbols illustrate. 


10.10.2.1 Without Cross Bleed (One way flow). 


iod 


10.10.2.2 With Cross Bleed (Reverse flow per- 


mitted). “er 


10.11 Four-Way Valves 
10.11.1 Two-Position 


Normal 


== 


general data 


Ra luid power 
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k (c-12) 


Actuated 





10.11.2 Three-Position 


(a) Normal 


(b) Actuated Left 


(c) Actuated Right 





10.11.3 Typical Flow Paths for s Condi- 
tion of Three-Position Valves 


п ВУ 
Б т 
М =! 


10.11.4 Two-Position, Snap Action with Trans- 


ition. 


As the valve element shifts from one position 
to the other, it passes through an intermediate 
position. If it is essential to circuit function to 
symbolize this “in transit” conditon, it can 
be shown in the center position, enclosed by 


dashed lines. 


Typical Transition Symbol 





10.12 Infinite Positioning (between open and 
closed) 


10.12.1 Normally Closed 


10.12.2 Normally Open 


10.13 Pressure Control Valves 
10.13.1 Pressure Relief 


Simplified Symbol 





Denotes 
4 
| | 
| |, 
Lit 
Normal a 
ini 
Unloading Valve sane Balance 
10.13.2 Sequence Sequence “ 
—1 
| 
| 
LJ 





10.13.3 Pressure Reducing 


1 | " 


a 
О 


| 


I 





graphic symbols continued 


10.13.4 Pressure Reducing and Relieving 


10.13.5 Airline Pressure Regulator (Adjustable, 


Relieving) 
E 


10.14 Infinite Positioning Three-Way Valves 


10.15 Infinite Positioning Four-Way Valves 


Bi 


10.16 Flow Control Valves (See 3.7) 


10.16.1 Adjustable, Non-Compensated (Flow 
control in each direction). 


—— 


10.16.2 Adjustable with Bypass 


Flow is controlled 
to the right. Flow 
to the left bypasses 
control. 
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10.16.3 Adjustable and Pressure Compensated 
with Bypass 


В 


10.16.4 Adjustable, 
sure Compensated. 


Temperature and Pres- 


18 


11. Representative Composite Symbols 


11.1 Component Enclosure 
EE | 


Component enclosure may surround а com- 
plete symbol or a group of symbols to repre- 
sent an assembly. It is used to convey more 
information about component connections and 
functions. Enclosure indicates extremity of com- 
ponent or assembly. External ports are assumed 
to be on enclosure line and indicate connec- 
tions to component. 


Flow lines shall cross enclosure line without 
loops or dots. 


11.2 Airline Accessories (Filter, Regulator and 
Lubricator). 


Composite 





Simplified 


general data 
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11.3 Pumps and Motors 11.3.1.4 Variable Displacement with Integral 
11.3.1 Pumps Replenishing Pump and Control Valves. 


11.3.1.1 Double, Fixed Displacement, One In- 
let and Two Outlets. 





11.3.1.2 Double, with Integral Check Un- 
loading and Two Outlets. 


| 
| | 
| 
| 
| 
|| 
| 
| 
| | 
| | 
| 
| 
| | 
11.3.1.3 Integral Variable Flow Rate Control | | | 
with Overload Relief. | | 
| lc MP ысы 
| ^ | | 
| | 
| 
| | | | на | 
Ну oo | | 


ih 
| 
| 
[-- 


























‚ (с-14) 
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11.4.6 Two-Positions, Four Connection Sole- 
noid and Pilot Actuated, with Manual Pilot 
Override. 





Simplified Symbol 





Complete Symbol 


general data 


k (c-15 
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11.4 Valves 11.4.4 Pressure Reducing with Integral Check. 
11.4.1 Relief, Balanced Type 





11.4.5 Pilot Operated Check 
11.4.5.1 Differential Pilot Opened. 


11.4.2 Remote Operated Sequency with In- 
tegral Check. 





11.4.3 Remote and Direct M ipie = диша as id 
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11.4.7 Two-Position, Five Connection, Solenoid 
Control Pilot Actuated with Detents and Throt- 
tle Exhaust. 





Simplified Symbol 


48-і AN: + 


q--L- - 


uM ыы А 


Complete Symbol 


11.4.8 Variable Pressure Compensated Flow 
Control and Overload Relief. 
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f ым роугег | 


pneumatic logic symbols 


LOGIC 


| 
LOGIC OUTPUT IF ALL OUTPUT IF ANY OUTPUT IF SINGLE NO OUTPUT IF ALL 
ELEMENT CONTROL INPUT | ONE OF THE CONTROL INPUT CONTROL INPUT 
ши SIGNALS АВЕ OFF CONTROL INPUTS SIGNAL IS OFF SIGNALS ARE ON 








IS ON 


| 
STANDARD 


BOOLEAN 
ALGEBRA 


| 
ELECTRICAL 
RELAY LOGIC 
SYMBOL 


| 
ELECTRICAL 
SWITCH LOGIC 
SYMBOL 


A S.A, (АС) 
VALVING 
SYMBOL 


| 
FLUIDIC 
DEVICE 
TURBULENCE 
AMPLIFIER 


| 
PROPOSED 
М.Е.Р.А./А.$.А. 
SYMBOL 


NOR LOGIC 
EQUIVALENT 

OF PROPOSED 

өні па SYM. 
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MEMORY DIFFERENTIATOR | ON DELAY TIMER | OFF DELAY TIMER 
(OFF RETURN) (SINGLE SHOT) (TIMING IN) (TIMING OUT) 


OUTPUTIFALL |АЯСМАЕТО ONEIN-| MOMENTARY PRODUCES A PRODUCES AN OUT | REMOVES AN OUT- 

















































CONTROLINPUT | РОТ TURNS ACOR- | INPUT SIGNAL (5) SHORT PUT FOLLOWING A | PUT FOLLOWING 

SIGNALS ARE ON | RESPONDING OUT- PRODUCES AN OUTPUT PULSE DEFINITE DELAY | ADEFINITE DELAY 
PUT ON AND THE OUTPUT UNTIL WHEN INPUT AFTER INPUT IS AFTER INPUT 
OTHER OUTPUT OFF| ВЕЗЕТ (В) SIGNAL IS ON PRESENT IS REMOVED 


Un 


T 
7 





x 
a 


ВВ 





general data 
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Parker mobile symbols 


mobile valves 

Mobile directional control valves are gener- 
ally multiple function devices and typically 
include several "en-bloc" flow directing func- 
tions. Directing the flow is generally accom- 
plished by moving a valve “spool” to a parti- 
cular position in the valve body. This spool 
movement is generally in sequence with other 
integral valve spools to provide a particular 
set df output flow events. Actuation of the valve 
spogls is accomplished either manually, by di- 
rect hydraulic pilots, or by electrically con- 
trolled hydraulic pilots. To achieve these var- 
ious flow events, the flow paths between the 
valve spools are generally designed to permit 
either parallel, series, or series-parallel, (par- 
allel, and series-parallel are the most common 
arrangements). A parallel flow path permits 
supply flow to several work ports, using sev- 
eral spools simultaneously. A series flow path 


permits directing the flow supply to a parti- 


cular work port and then directing the return 


flow from the power device at the port to the 
supply point of another spool for use on the 
next sequential function. A series-parallel flow 
path permits supplying flow to a particular 
work port while blocking all spool supply 
points “downstream”. To achieve this flow 
path circuitry, mobile directional control 
valves are designed with several supply point 
switching positions on the valve spool. These 
supply point switching positions are then oper- 
ated in combination with a particular inter- 
nal valve geometry to yield a particular flow 
path when the spool is actuated. The circuit 
diagram for this type of valve is, therefore, not 
a standard form and must be modified to il- 


lustrate the actual valve operation. 





Description: Typical en-bloc control valve 
Pump flow to main system relief and to valve 
spoal system. 


Basic Valve Circuitry 


Valve Spools No. 1 and No. 2 in parallel. 
Valve Spool No. 3 in series-parallel with No. 2. 


Valve Spool No. 1: 

Мек әй — Spring Centered Spool. 
Pull оп spool = P to A, and B to T. 

- P to B, and A to T. 


Cylinder Ports A and B are equipped with 
cross-over relief valves. 


Push on spool 


Pump flow input includes back flow check 
valve. 


Valve Spool No. 2: 


3- Position — (Regenerative Make-Up) Spring 
Centered Spool with Mechanical! Detents in 
both End Positions. 


Pull on spool = P to A, and B to T. 
Push on spool - P to B, and A to| B. — Spool 


includes A to B check valve, and A to T re- 
lief valve set at pressure high enough to force 
A oil to return to B port. 


Pump input flow includes back flow check 
valve. 


Valve Spool No. 3: 


4-Position — (Cylinder Port Float( Spring Cen- 
tered Spool with Mechanical Detent in 4th 
Position. 


Pull on spoo! - P to A, and B to T. 


Push on spool — First Position = P to B, and 
A to T. 


Push on spool — Second Position = P blocked, 
A through restrictor to T, and B through re- 
strictor to T. 


Pump input flow includes back flow check 
valve. 

Cylinder port A includes overload relief valve. 
Cylinder port B includes anti-cavitation check 


valve. 


Valve Spool No. 3 — Neutral open center po- 
sition feeds the high pressure carryover port. 


Valve tank line circuitry from all spools and 
main system relief is in parallel. 
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High Pressure 
Carry Over 
(H.P.C.O.) 


TYPICAL MULTIPLE FUNCTION EN-BLOC 
DIRECTIONAL CONTROL VALVE 


PH. Multiple Spool Mobile Valves 


Shown in cross sectional view is atypical Park- 
er mobile multiple spool valve. Multiple ports 
are shown with the various spools available. 


D - Double acting spool 

P - Single acting spool, pull to power cylinder 
S - Single acting spool, shove to power cylinder 
С = Motor spool 

Е = Float spool 
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Агеа 

Diameter 

Force 

Mass mount of inertia 
Mass 

Pressure 

Volumetric flow rate 
Radius 

Bearing radius 

Time 


Torque 


Angular acceleration torque 


Angular deceleration torque 


List of Symbols 


wt 


Cushion torque 
Demand Torque 
Friction torque 
Volume displacement 


Specific Volume in terms of in? 
per radian 


Weight 

Distance or position 

Angular acceleration 

Coefficient of friction 

Angular displacement or rotation 


Angular velocity 


| 
О 


Angular velocity at time 


| 
=> 


Angular velocity at time 
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Rotary Actuators 


Introduction 


A rotary actuator is the most compact device available 
for producing torque from hydraulic or pneumatic 
pressure. A self-contained unit, it is usually limited to 
one revolution or less and can provide oscillating 
motion as well as high and constant torque. Figure 1 
shows the standard symbols for pneumatic and 
hydraulic rotary actuators. 


There are many types of rotary actuators, each with 
design advantages as well as compromises. The three 
most commonly used are rack and pinion, vane, and 
helical. These type actuators are compared in Table 
3 on page 7. 


Types of Rotary Actuators 


Rack and Pinion: Rack and pinion actuators consist of 
a housing to support a pinion which is driven by a rack 
with cylinder pistons on the ends (See Figure 2). 
Theoretical torque output T, is the product of the 
cylinder piston area A, operating pressure P, and the 
pitch radius of the pinion гр. 


1) т= APry 


Rack and pinion 


Figure 2. 








Rotary actuator symbols 


Pneumatic 


Hydraulic 


Single, double, or multiple rack designs are possible 
and overall efficiencies for rack and pinion units 
average 85 to 90%. Because standard cylinder 
components can be used to drive the rack, many 
standard cylinder features can be incorporated into 
rack and pinion actuators, such as cushions, stroke 
adjusters, proximity switches, and special porting. 
Additionally, virtually leakproof seals will allow the 
actuator to be held in any position under the load. 


ONWY ENTPR P 
d P oeprapma f ente 
Bide о 2 
,АрҒАН КАКДО ЇЙ! 
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Figure 3. 





NOTE: Some systems require a mechanical locking 
device Гог safety reasons, or for holding loads over 
extended periods of time. 


Both tie-rod апд mill cylinder type constructions are 
available (Figure 3), and most types allow for service 
of all pressure containing seals without removing the 
unit from its mounting. 


Rack and pinion actuators cover the widest range of 
torque, гот 6 Ib-in pneumatic to over 50,000,000 Ib-in 
in hydraulic units. Because of their construction, they 
are not limited to 360? of rotation and can easily be 
built to 1800? (five revolutions). The majority of rack 
and pinion |style actuators are sold for hydraulic 
service, generally 500 to 3000 psi. 


Position repeatability in rack and pinion actuators is 
affected by the inherent backlash found in any gear 


arrangement; Backlash is the amount by | hich the 


width of a tooth space exceeds the thickness of the 
mating tooth and can be as much as 0.5? on smaller 






General Industry: Camming, indexing, clamping, 
positioning, tensioning, braking, tilting, etc. 





Material Handling: Switching conveyors, turning 
and positioning container clamps on lift trucks, 
tensioning and guiding, operating valves, braking, 
lifting. 


Marine: Opening and closing hatches, swinging 
cargo handling gear, opening and closing fire and 


Table 1 | 


ROTARY ACTUATOR APPLICATIONS 





Figure 4. 


size units (Figure 4). И should be noted, however, that 
this backlash can be reduced to almost nothing by 
pre-loading the rack into the pinion, but efficiencies 
will suffer to overcome the added friction. 


Because the load ratings of the bearings used to 
support the pinion are large in comparison to the 
internal loading of the unit, external bearing capacity 
is usually available. This can eliminate the need for 
machine support bearings, or handle over hung and 
thrust loads which would be detrimental to other types 
of rotary actuators. |n other applications, a hollow 
pinion is used, which eliminates the need for a 
coupling and support brackets because the actuator 
can be mounted directly onto the input shaft. 


In general, rack and pinion actuators have a thin 
profile, but are not as physically compact as other 
styles of rotary actuators. 






collision bulkhead doors, operating large valves 
of all types, positioning hydrofoils, steering 
control. 







Robotics: Rotation and positioning. 






Steel: Upending coils, turnstiles, rollover devices, 
tilting electric furnaces, indexing transfer tables, 
charging furnaces. 









Vane: Vane style actuators consist of one or two 
vanes attached to a shaft (called the rotor), which is 
assembled into a body, and then held in place by 
two heads (Figure 5). Rotation of single vane units 
is generally limited to 280? by a fluid barrier (called 
a stator). Double vane units are limited to 100° 
because two stators are required at opposite ends. 
The operating medium (air or oil) is ported across 
the shaft in double vane style actuators to eliminate 
the need for four ports. Fluid pressure acting on the 
exposed vane surface produces an output torque, 
or 


2) T = LWP, 


Where the torque T is equal to the product of the 
vane length L, times the vane width W, times the 
system pressure P, times the radial distance r from 
the center of the rotor to the vane pressure center. 
Of course, a double vane style actuator will have 
twice the area of a single vane style actuator, and 
therefore twice the torque. 


Available industry sizes range from a minimum of 
1.5 Ib-bin with small pneumatic actuators to a 
maximum ОҒ 750,000 Ib-in with high pressure 
hydraulic actuators. 


Vane style actuators have no backlash, but because 
of the seal configuration, cannot hold position 
without pressure being applied. The vane seal 
typically has sharp corners to seal in the body/head 
interface. Since this corner cannot be sealed 
completely, there is always a slight bypass flow. 
There is additional bypass flow in the shoulder area 
of the vane, so even rounding the vane at the top 
does not completely eliminate leakage. Vane 
actuators require external stops, especially for high 
inertia and high speed applications, to prevent 
damage to the vane and stator. 
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Vane style actuator 


Figure 5. 


Units are available with and without external shaft 
load capacity. 


Vane actuators can be segmented into three 
general product lines: 


1) Small pneumatic actuators for small parts 
handling, fixturing, etc. 


2) 1000 psi hydraulic actuators for machine tool, 
automotive equipment, and transfer lines. 


3) 3000 psi actuators for the mobile equipment 
industry. Efficiencies for hydraulic vane actuators 
are between 90-95% while pneumatic efficiencies 
are lower. 


HYDRAULIC VS. PNEUMATIC ROTARY ACTUATORS 


Hydraulic 


Can operate at high pressures for a better power 
to weight ratio and more torque for a given size. 


Better positioning and speed control are 
available due to the relative incompressibility of 
oil. 


Smoother operation at low speeds. (No slip-start 
jerky movement). 


Table 2 





Pneumatic 


Components are less expensive. 
The smallest actuators available are pneumatic. 
Air is cleaner than oil. 


Pneumatic actuators can generally operate faster 
than hydraulic actuators. 
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Helical: Helical actuators consist of a piston sleeve, 
which functions similarly to a cylinder piston, and a 
rotating output shaft encased in a cylinder type 
housing (See Figure 6). The linear motion of the 
piston sleeve produces rotary motion of the output 
shaft through the male helix cut on the shaft and a 
fixed helical nut. The torque output is proportional 
to the helix angle, system pressure, piston area, and 
the mean pitch radius of the helical shaft. 


Helix designs provide maximum torque output for 
the smallest possible cross-section. Double helix 
designs are also available to reduce the length of 
the unit or double the torque output. 


Helical units are generally the most expensive 
rotary actudtors but also have the most compact 
cross-section. They do have backlash and can be 
made self-jocking with special helix designs. 
Helical units can be hydraulically or pneumatically 
operated and are available from 20 Ib-in to 4,000,000 
а | 5 : 
Ib-in of torque. Average efficiency for helical 
actuators 1$ 80%. 


Miscellaneous: Other styles of actuators are 
available. The majority of these simply enclose 
linkages and other devices in a self-contained 
package. One such device uses an air or hydraulic 
cylinder and a piston attached to a roller chain that 
drives a sprocket connected to an output shaft 
(Figure 7). The illustrated actuator requires 
maintained |pressure at port C3 with pressure 
alternately applied at post C1 or C2 {о cause 
rotation. These are generally light duty, low cost 
actuators available with rotations up to 18009 and 
torque up to 11,000 Ib-in. 


Another design encloses a cylinder апа! crank 
driving an output shaft. These units are limited by 
their configuration to a maximum of 100?, although 
stroke 1$ easily adjustable (Figure 7). Note that 
these devices do not produce a constant torque 
throughout their rotation, instead torque varies with 
the sine of Т resultant angle. 





—— — E 
Miscellaneous rotary actuators 





Enclosed 
Crank Arm 1 








Scotch yoke 


Helical type actuators 


Figure 6a. 


To operate, hydraulic pressure is 
applied to end of the sleeve piston 
(Figure 6a), which is prevented from 
rotating within the housing. 


А. 


| BSS 


3 == 
ROTATION PRESSURE 
Figure 6b. 


The forward movement of the sleeve 
piston produces rotary motion of the 
output shaft (Figure 6b), through the 
male helix cut on the shaft and the 
female helix in the end of the sleeve 
piston. 


=> ____________ 


BR — ii 
Ss F 


ЕН! 
€ 





Figure 6c. 


Reversing the application of 
hydraulic pressure (Figure 

provides equal torque output in 
opposite direction. 


Figure 6. 






Е Figure 7. 





FEATURE 


1. Load Holding 
Ability 


2. Positioning 


3. Efficiency 
(Hydraulic) 


4. Stops 


5. Cushions 


6. Size 


7. Maintenance 


8. Mounting 


9. Operating 
Medium 


10. Available 
Rotation 


11. Price 


Table 3 
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ROTARY ACTUATOR COMPARISON CHART 


RACK & PINION 


Leakproof cylinder seals 
allow holding of 
load in any position 


Inherent backlash of rack 
and pinion cause position 
tolerance up to %2 °. 


85 - 9095 is average 


External stops usually 
not required. 


Standard cylinder 
cushions can be used. 


Thin profile but larger 
overall space and weight 
requirements. 


Maintenance of pressure 
seals possible without 
complete disassembly 
of unit. 


Mounting styles include 
lug, foot, face, base, 
flange, or shaft mounting 
with hollow pinion. 


Air or hydraulic 
operation. 


90°, 180°, and 360° 
standard, specials to 
1800°. 


Generally more expensive 
than equivalent torque 
vane units. 


VANE 





Square vane seals and 
shoulder seals always 
have slight bypass 
flow. 


Zero backlash allows 
for exact positioning 
anywhere in the 
rotation. 


90 - 9595 is average 


Internal stops available 
for some light duty 
applications, majority 
of applications require 
positive external stops. 


No cushions available. 


Very compact, 
especially cross 
section. 


Maintenance of vane 
requires disassembly of 
unit. 


Mounting styles include 
base, foot, face, or 
flange mounting. 


Air or hydraulic 
operation. 


280? maximum single 
vane units. 100? 
maximum double vane 
units. 


Generally less expensive 
than equivalent torque 
rack and pinion units. 


HELICAL 


Leakproof cylinder seals 
will allow holding of load 
in any position. 


some backlash, but can 
be made self-locking 
with special helix 
designs. 


8095 is average 


External stops usually 
not required. 


Consult manufacturer. 


The most compact cross 
section for a given 
torque. 


Maintenance of seals 
requires disassembly 
of unit. 


Mounting styles include 
foot, flange, or body 
mounting. 


Air or hydraulic 
operation. 


Consult manufacturer 
specials made to 
order. 


Generally much more 
expensive than 
equivalent torque rack 
and pinion units. 
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А similar design, called a scotch yoke, functions in 
the same manner, except the yoke is a slot [п which 
the cylinder rod actuates (Figure 7). These also have 
a variable) output torque and are limited to a 
maximum rotation of 100°. This type of device 15 
found primarily in the process valve industry. 


Calculating Torque Requirements 


DESIGN TORQUE represents the maximum torque 
that an actuator must supply in an application. This 
maximum is the greater of the Demand Torque or 
the Cushion Torque. If the demand torque exceeds 
what the actuator can supply, the actuator will either 
move too slowly or stall. If the cushion torque is too 
high, the actuator may become damaged, due to 
excessive pressure. Demand torque and |cushion 
torque are defined below in terms of load, friction, 
and acceleration torques. 


Equations for calculating demand torque and 
cushion torque for some general applications are 
provided on the following pages. 


T - TORQUE: 


The amount of turning effort exerted by a 
rotary actuator. 


Tp - DEMAND TORQUE: 


This is the torque required from the actuator to 
do th | job and is the sum of the load! torque, 
friction torque, апа acceleration | torque, 
multiplied by an appropriate design factor. 
Design factors vary with the applications and 
the designers’ knowledge. 


T, - Load torque: 


This is the torque required to equal the 
weight or force of the load. For example, in 
Figure 8a; the load torque is 5000 ІБ-іп; іп 
Figure 8b the load torque is zero; in Figure 
вс Ше load torque is 5000 Ib-in. 


Т; - Friction torque: 


This is the torque required to overcome 
friction between any moving parts, 
especially bearing surfaces. In Figure 8a, 
и friction torque is zero for the hanging 
load; in Figure 8b the friction torque is 6880 
Ib-in for the sliding load; in Figure 8c the 
M. z | 
friction torque is zero for the clamp. 








Та - Acceleration Torque: 


This is the torque required to overcome the 
inertia of the load in order to provide a 
required acceleration or deceleration. in 
Figure 8a the load is suspended 
motionless so there is no acceleration. In 
Figure 8b the load is accelerated from 0 to 
some specified angular velocity. If the 
mass moment of inertia about the axis of 
rotation is 1 and the angular acceleration 
is a , the acceleration torque is equal to 
la. In Figure 8c there is no acceleration. 


Some values for mass moment of inertia 
are given in Table 4. Some useful 
equations for determining a are listed in 
Table 5. 


T. - CUSHION TORQUE: 


This is the torque that the actuator must apply 
to provide a required deceleration. This torque 
is generated by restricting the flow out of the 
actuator (meter-out) so as to create a back 
pressure which decelerates the load. This back 
pressure (deceleration) often must overcome 
both the inertia of the load and the driving 
pressure (system pressure) from the pump. 
See applications. 


WARNING: RAPID DECELERATION CAN CAUSE 
HIGH PRESSURE INTENSIFICATION AT THE 
OUTLET OF THE ACTUATOR. ALWAYS. INSURE 
THAT CUSHION PRESSURE DOES NOT EXCEED THE 
MANUFACTURER’S PRESSURE RATING FOR THE 
ACTUATOR. 
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Figure 8. DEMAND TORQUE EXAMPLES 


a) 


b) 


c) 








DUE TO LOAD TORQUE 


T, = (500 Ib)(10 іп) 


T, =0 


T, = 5000 Ib-in 





= T, = 5000 Ib-in 


DUE TO FRICTION AND ACCELERATION TORQUE 


Rotating circular platform with bearing 
friction. Тһе 50 Ib. disk is supported 
completely by the bearings - there is no load 
on the shaft. Angular acceleration (a) is to 
be 2 rad/sec 







Bearings 





The mass moment of inertia about the axis 
of rotation (l) is 2329 Ib-sec? Bearing 
coefficient of friction и = .25 Bearing radius 
— 55in 





Tet Tet Ta 
Tg = (500 ІБ)(55 !п)(.25) = 6880 Ib-in 


(2330 Ib-in-sec? 2 rad/sec? ) = 4660 Ib-in 


=j 
| 


= 6880 Ib-in + 4660 16-т = 11,540 Ib-in 





DUE TO LOAD TORQUE 


Clamp exerts a force of 500 Ib at 10 in. | 


0 


= 
| 


Tp — T, = (500 Ib)(10 in) 





= 5000 Ib-in 
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Thin sho plate 


"m (b^ + c?) 
ly 


12 


г prism 


(b> + c?) 


Parallel Axis Theorem: 


Slender rod 


у = 5; 


lp = Mass moment of inertia — an 
axis parallel to a centroidal axis. 


{ = Mass moment of inertia about a 
centroidal axis. 


mass 


distance between axes. 











When acceleration is uniform: 


О = до! + тағ a =20/ť° 


w = Фо + а! 


1 
w= (w + 2а0)2 


When velocity is constant: 


_ (at- Фо)“ 


9 


Әсошо + тон а = (wt - Wo)/t 


BASIC VELOCITY AND ACCELERATION EQUATIONS 





time 
angular velocity 


angular velocity 
at time = t 


angular velocity 
at time = 0 
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Applied Torque Equations 
1. Round Index Table - No load 
2. Rotary Index Table - Cylindrical load 
3. Rotary Index Table - Rectangular load 
4. Tube Bending 
5, Screw Clamping 
6. Simple Clamp 
7. Linear Motion, Clamping 
8. Modified Linear Motion, Clamping 
9. Overcenter load 


10. Harmonic drive 


NOTES: 


1. The following equations are intended only as a guide. The design engineer should verify the accuracy 
of the equations and should be responsible for assuring that all performance, safety, and warning requirements 
of the application are met. 


2. Unless specified otherwise, the following examples DO NOT take into account system or actuator 
efficiencies, and friction is neglected. 


3. Deceleration torques are based upon the assumption that due to restrictor type flow controls, the actuator 
is subjected to relief valve pressure during deceleration. 
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(1) "и INDEX TABLE 


Subject to bearing friction, 
acceleration =a , no load. 


НЕ = T. + Ty + TL 


ser 2T n Warp 


” ha 


1 mir 
im 
ДШ 


Coeff. of friction = 4 


Assumptions: See notes 1, 2, 3 


The index table rotates in a 


(2) ROTARY INDEX TABLE WITH horizontal plane with a 
CYLINDRICAL LOAD cylindrical load. 


+ + Т, 
0 
(Wr + Wi)rpub 
(т + l)a 
ІТ = отит 


2 _ b? 
2 "10а ) 


ip + 22” = 1 


(т + ща“ 


Te = 7 (a + а *)|ттгт° + m (а? 
Assumptions: See notes 1, 2, 3 
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(3) ROTARY INDEX TABLE WITH The index table rotates in a 
RECTANGULAR LOAD horizontal plane with a 


rectangular box. 


Tp = Тр + Te + Та 
Tp = (Wr + Wi)'bitb 


Та = (lr + Ша 


1 
=m 
a Try 


5 ть (а“ + bÊ) + тт? 


+ а - | 


Assumptions: See notes 1, 2, 3 


(Wr + Wi)rpup + a| тт + ag mu (a + b? + пиле 


(а + X + im. + b?) + тл? 


No acceleration 7, = 0 


No friction 


General Eqn: T, - оу 


Maximum yield stress for wire or tube material. 


Section modules of tubing. This can be 
calculated or found in mechanical engineering 
ROUND TUBE: --< handbooks. 


Outside diameter of wire or tube 
ROUND WIRE: 


Inside diameter of tube 


13 
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(5) SCREW CLAMPING 


No friction, no acceleration 


threads per inch 


NOTE: This does not consider 


clamping force 
losses due to thread friction. 


(6) SIMPLE CLAMP 


No friction, no acceleration 


г ши 





Rotary Actuator 15 


(7) LINEAR MOTION, CLAMPING 


High clamping force is achieved 
as O nears O. 


NOTE: O should not be able to 
become O. 


F should not exceed actuator 
bearing capacity. 


_ ғы sin 20 


2 x-ncosO | sno) 


ricos Ө + Г? = г? sin? Ө 


(89 MODIFIED LINEAR MOTION, CLAMPING 


Same as above except bearing 
strength requirement for actuator 
is reduced. 


чт pw E 


/ 


0004 


TNT PR DUR тете спал»: 
4 + г “ 


Pole Хо Jae y го 
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(9) ӘУ СЕМТЕН LOAD Load is rotated through a vertical plane. 


Load torque 7, is positve or negative 
depending upon position and direction of 
rotation. 









Ty + T, 


(И + 2 УУддасов Ө 


(Wi + Wa)rpub 


pma + b°) + та? | 


(И = ТИ/д)а + T; + T, 
№ the mass Мі is not free to turn about 2 a ! 
point p, then its mass moment of inertia 
about its own centroid | must be added = dX T, - Тр + Та“ + Тр 

to the equations for Т, and 7," as follows: | МАХ 


l ma(a? + БЕ) + таја 


1 


—- ma(a? + b?) + 1 + теа 12 


12 


5 Assumptions: See notes 1, 2, 3 
| 


(10) HARMONIC DRIVE 








A harmonic motion linkage as shown is a compact 
5----- Stroke and low cost method of providing linear motion with 
a very smooth acceleration. 












Flow control valves can be adjusted to provide the 
smooth acceleration and deceleration necessary to 
handle fragile parts such as bottles or light bulbs. 







The smooth acceleration and deceleration also 
enables optimum сусе times for handling 
automotive components on transfer lines. 










Maui! не 
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HARMONIC DRIVE (CONTINUED) 


T = actuator torque 

r - torque arm length 
l=rsin Ө 

5 = г со5 д 
W = weight of load 

д = 386 ЕВЕ. 


f = friction coefficient of load 





f, = friction coefficient of slide 


2 2 
А) V = ад сова! sinwt + айк сос? ор sinwt + "сова! - пт! 
2 . 
В) am = м (2cos? wt + 1) - 2072 cos ot sinwt + fcosot - ffssinat 


By using the geometry of the linkage and including the friction of both the load and the slide, the equations 
A and B can be used to determine the required torque. 


The curves (Figures 9 and 10) give solutions to equation A for various arm lengths and friction coefficients 
of .05 and .25 respectivity. 


The preceding equations assume a constant actuator velocity; as the inertia from the moving load tends to 
drive the actuator during the decelerating phase, it is recommended that the circuit incorporates pressure 
compensated flow control valves. It is also recommend that, due to resistance of the flow control valves, 
plus the load deceleration requirements, figures obtained from the following graphs should be doubled to 


obtain maximum torque requirement. 


Remember, the result must be doubled for deceleration using meter-out circuits, for high inertia loads. For 
high friction cases the following equation can be used: 


I (deceleration) = 2I (acceleration) - (at 10 second throw time) 
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HARMONIC DRIVE (CONTINUED) 


COEF. OF FRICTION = .05 COEF. OF FRICTION z 
100 гр 
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Figure 9. Figure 10. 


EXAMPLE: A 400 Ib. mass is to be moved a distance of 48 inches in four seconds. Assume that the load is 
supported on roller bearings with a coefficient of friction of .05. 


SOLUTION: Using the curves for .05 coefficient of friction, draw a line from four seconds on the time scale 
to intersect with the 24 inch torque arm curve. 


48" travel — 24" torque arm length 
2 


An intersecting horizontal line will show a requirement of 1.5 Ib. of torque required per load, therefore: 
То = 400 x 1.5 = 600 Ib-in 


Using meter-out| circuit: 


Тс = 2T4 - Tao 
2(800 Ib-in) - (1.2 x 400)Ib-in 


— 720 Ib-in 


C 
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Approximating Rotary Actuator Size 


The smallest rotary actuator displacement that can 
be used in an application is that displacement which 
can both deliver sufficient torque to move the load 
and also withstand the pressure required to stop the 
load. (Recall that cushion torque is generated by 
back pressure that is often greater than system 
pressure. А method for determining the smallest 
rotary actuator displacement is summarized in 
Figure 11 and outlined step-by-step below. 


1. Determine the maximum allowable safe system 
pressure that the pump and componenis can 
tolerate. This is typically the highest pressure the 
pump can supply to the system; however, this is not 
the actual system working pressure. The actual 
working pressure is determined after an actuator is 
selected. 


2. Calculate the demand torque required. The 
demand torque Tp is given by the equation: 


3) Tp 7 T, * T, * Tg 


Definitions for the above torque components and 
examples for calculation of Тр were discussed 
previously under the heading "Calculating Torque 
Requirements." 


3. Calculate a first value for V. based upon Тр and 
the maximum system pressure chosen in Step 1. 
V, represents the volume displacement per one 
radian of rotation for a rotary actuator. V. can be 
calculated from the equation: 


4) V, = 


Or by using the graph shown in Figure 12. 


NOTE: The above equation for V. is for constant 
torque rotary actuators such as vane, rack and 
pinion, or helical styles and does not consider 
actuator or system inefficiencies. 


4. Calculate the cushion torque T, required. іп any 
application where the actuator has cushions, a 
deceleration valve, or any form of meter-out flow 
control, the flow out of the actuator is restricted 
creating a back pressure on the outlet side of the 
actuator. This back pressure is what creates the 
cushion torque which acts to decelerate, or cushion 
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the actuator as it approaches the end of its rotation. 
The cushion torque can be calculated by the 
methods presented under the heading "Calculating 
Torque Requirements." 


5. Calculate a second value for У, based upon T 
and the maximum rated pressure for the type of 
actuator selected. (This is not the same pressure 
used in Step 3; this pressure is found from the rotary 
actuator catalog.) The second value for V. can be 
determined by using the same equation used in 
Step 3 or by using Figure 12. 


6. If the second value for Ve is considered 
impractical for your application, some ways to 
reduce Те аге: 


а. Reduce system pressure, then recalculate 
steps 3 to 5. 


b. Increase the time for deceleration, then 
recalculate steps 4 and 5. 


c. Use an external shock absorber. 


7. Choose the larger of the two V, values calculated. 
Use Table 5 to convert V, to V based upon the rotary 
actuator’s degress of rotation. This value for V is 
the minimum ideal actuator displacement for the 
application. 


Select a rotary actuator with a displacement equal 
to or larger than the V value determined. 


8. Calculate system operating pressure based upon 
Tg , and the actual V. value for the selected 
actuator. The relief valve setting must be less than 
the maximum pressure from Step 1, must not 
exceed the actuator’s rated working pressure, and 
must be high enough to compensate for pressure 
drop through valves and lines. 
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| 
| 


| 
ACTUATOR FLOW CHART 





| 

| Choose a maximum system pressure P. | | 
Calculate demand torque То. | 

Reduce System 


Pressure, or | 


Increase time for Find Vs from Figure 13 based upon P and Tp. 
deceleration, or | 


| . Use an external 
shock absorber. Calculate cushion torque Tc. | 








yes 





Find a second value for Vs from Figure 13 
based upon actuator pressure rating and Tc. 


Choose the larger of the two Vs values 
and use Table 6 to convert Vs to V. 


select a rotary actuator with displacement 
greater than V, and torque rating greater 
than Tp. 





Ligure 11; 
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MINIMUM POSSIBLE ROTARY ACTUATOR VOLUME 


Results from this table DO NOT account for actuator 


PV. 
Ө 


This chart is based upon the equation Т 


efficiency or any design factors. 


| 


1000 PSI 


500 PSI 


100 PSI 


1500 PSI 
2000 PSI 


OM со г o ши uS EE см 


| 





2500 PSI 
3000 PSI 


(муаун Had S3HONI 21862) 


ROG Sel pee = 22% шш 





SA 


15 


Т - TORQUE (LB - IN) 


Figure 12. 
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TABLE 6: CONVERT V, to V 


Based upon equation: Vs 9 = V for converting specific volume into volume. 


ACTUATOR ROTATION VOLUME 

















Rotary Actuator 23 





Calculating Required Pump Flow 


The flow rate required for a rotary actuator can be _ М 

determined by the desired time for rotation and the 3) 9=+ 

rotary actuator's displacement. This is shown in 

Equation 5. where Q = Flow rate 
V = Rotary actuator displacement 
t — Time to fill displacement 


This equation is also plotted as Figure 14. 


EXAMPLE: А 280° vane rotary actuator is chosen to provide a 194? rotation in 2 seconds. If the rotary 


actuator's displacement is 77.8 in? find what flow rate is required from the pump. Assume constant angular 
velocity. 


SOLUTION: The actuator is only rotating 194? so the volume of oil required for this rotation is: 
‚3 194° 
V — 77.8 in 2809 
V — 53.9 in? for 194? rotation 


Now using equation 4: 


G= 


о =53-9 in? (60 sec/min) 


— 2 sec. (231 іп? /gal) = 7 СРМ ANSWER 


EXAMPLE: A 180? rack and pinion rotary actuator is to accelerate from 0 to some angular velocity w during 


its first 10? of rotation, then remain at that angular velocity for the next 150? of rotation, then decelerate back 
to 0 radians/sec during the last 20°. The actuator is to rotate the total 180? in less than 2 seconds. И the 


actuator’s displacement is 36 in? , find: 
A. The angular velocity w after the first 10? of rotation. 
B. The pump flow rate required for the rotary actuator. 


C. The pump flow required if the actuator traveled the 
entire 180? in 2 seconds at a constant angular velocity. |, 


SOLUTION: 


A. Assume constant acceleration during the first 10? 
and constant deceleration during the last 20?. 


2sec = М + t + 15 


Figure 13. 
CONTINUED ON NEXT PAGE 
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EXAMPLE CONTINUED 
©, - 0 





{ = 2 - 2 (10? л = Na 

| w wo 199) 7805 Дена: 
| 
| О - Ө, 1 1 
| Е = (150°) Жоао = 1 (2.82 
| и Ф а (1999 тр uu 

Өз - Ө, 2 1 

tp = 2— 2 2 2 (209 X, = ly 

| w o 20) 808 = 2 C70 


2 sec = + 1.35 + 2.62 + .70] 


ш = 1.83 rad/sec ANSWER 


B. 180° rotary actuator has a volume displacement of 36 in? 
T cubic inches per radian can bẹ expressed as: 


; 3 
М, = У = 3677 radians 
9 л 


Vs = 11.5 МЗ/гафап 





NOTE: 180? = zradians 


The actuator must be able to rotate at 1.83 rad/sec so the pump flow must be: 


| Q |= Vso 
= (11.5 in?/radian)(1.83 гаа/вес) -1-08! 60 sec 
414! а СИ S min 
Q = 5.5 GPM ANSWER 
С. If the entire 180° were traversed at constant speed in 2 seconds, the pump flow would be: 


EV. 
он, 


о |= 36 ir? да! 60 зес 
2 sec 231 іл? min 


О = 4.7 GPM ANSWER 


Notice that т the above example it is necessary to take into account the time required for acceleration and 
deceleration of the actuator in order to determine the maximum velocity required. It is the maximum velocity 
of the actuatpr that will determine the maximum flow required. Equations for velocity and acceleration are 
provided on page 10 in Table 5. Figure 14 is a graphic representation of Equation 5. 





ттт ПРИДУ 
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А 
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~ 
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m 
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Circuit Recommendations 


I. Hydraulic Circuits 
A. Composite Operating Circuit. When designing 


hydraulic operating circuits for rotary actuators, 
consideration should be given to the following 
criteria: 


- actuator rotational velocity 

- kinetic energy developed 

- actuator holding requirement 
- System filtration 


Figure 15 is a composite drawing showing general 
recommendations for sample circuitry. It is 
intended as a guide only. Flow control valves (1) in 
the meter-out position provide controlled actuator 
velocity. Care should be taken if the load moves 
overcenter, as the combination of load and pump 
generated pressures may exceed the actuator 
rating. 


To protect the actuator and other system 
components from shock pressures caused when the 
actuator is suddenly stopped іп  mid-stroke, 
cross-over relief valves (2) should be installed as 
close to the actuator as possible. These relief 
valves also protect the actuator and system if the 
load increases and "back-drives" the hydraulic 
system. 


In applications involving high speeds or heavy 
loads, the built up kinetic energy may be too much 
for cushions to absorb during their 20? of operation. 
By using cam or lever operated deceleration valves 
(3) the deceleration arc can be increased beyond 
20? so that kinetic energy can be absorbed more 
gradually and without  over-pressurizing the 
actuator. Where there is a need to hold the load in 
intermediate positions for extended periods of time, 
pilot operated check valves (4) should be used. 
These must be used with leakproof actuator seals 
to hold the load in position; any bypass flow allows 
eventual drifting of the load. 





Figure 15. 


Hydraulic rotary actuator circuit 





WARNING: FOR SAFETY REASONS, SOME APPLI- 
CATIONS REQUIRE A MECHANICAL LOCK ING 
DEVICE FOR HOLDING LOADS OVER AN EXTENDED 
PERIOD OF TIME. 


As with most standard hydraulic circuits, rotary 
actuator applications should have filtration to 
provide a continuous cleanliness rating of no more 
than 390 particles greater than 10 micron per 
milliliter of fluid. This is an ISO 17/14 fluid cleanli- 
ness classification. Filters (5) should be fitted and 
maintained to ensure this minimum level. 


B.  Electrohydraulic Circuitry. The изе of 
electrohydraulic components for rotary actuator 


applications can provide greater system flexibility. 
Figure 16 is a representative circuit showing some 
possible applications of electrohydraulic valves. 
Proportional or servo control valves (1) can provide 
precise position, velocity or acceleration control of 
loads, and "closing the loop" around a feedback 
device such as the ParkerJ option (2) can provide 


Q 
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even greater control and velocity profiles for 
overcenter or varying loads. Even more precise 
position control is also possible with the use of vane 
actuators or anti-backlash devices on rack and 
pinion units. 


Torque control can also be achieved with propor- 
tional pressure control valves (3) that can be used 
to vary the "stall torque" of an actuator or provide 
a torque profile for various machine processes or 
set-ups. 


All of the considerations from part A are still 
relevant. Crossover relief valves should be installed 
if there are sudden stops in mid-stroke, and caution 
should be exercised when running overcenter, with 
high speeds, or high inertia loads. Filtration (5) is 
still a consideration, but the actuator requirements 
(ISO 17/14 class) are usually less demanding than 
the filtration requirements of today's 
electrohydraulics. 


НХ 


(5) 
ф 


Figure 16. 





(5) асым ЕМТЕВРР 1$ В РА 


411 P.nor»ma Г entre. 


АУ Bldg. No 2 Raja Ghaz nfar ћи Kh 


SADDAR MARAT tH! 


RT 


Electrohydraulic rotary actuator circuit 
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11. Pneumatic Circuits 


АН of Ше considerations for hydraulic actuator 
circuit design are also valid for pneumatic circuits, 
with the added caution that pneumatic systems 
generally run at higher speeds thus developing 
more kinetic energy. Caution is also required in that 
pneumatic cushion devices are not as effective as 
hydraulic cushions, as they cannot absorb as much 
kinetic епеГду. External shock absorbing devices 
may be necessary. 


Figure 17 is a composite pneumatic circuit giving 
some general recommendations. It is intended as 
a guide only. 


Meter-out flow control valves (1) should be used to 
control actuator velocity. Two speed circuits to 
reduce the speed before the end of stroke should 
be considered for fast rotation applications. 


The use of two pressure circuits (2) should be 
considered where there are different loads in 
opposite directions to keep rotational speeds low 
and to conserve energy. 


Compressed air should be filtered to at least 40 
micron (3) and the use of air line lubricators (4) with 
a good quality lubricating oil is recommended. 


Figure 17 





A 





Pneumatic rotary actuator circuit 


Installation Instructions and Options 


A. Stops 


Vane units should not use the vane and stator as a 
positive stop. For light to medium loads a taper lock 
stop (TLS) option is available, or external stops 
mounted to the machine framework may be used. 
For high inertia or high speed loads externally 
mounted valving or deceleration devices should be 
used to minimize system shocks. 


Rack and pinion units can be stopped at the end of 
stroke provided the loads and speeds are not too 
high. Cushions can be used to decelerate the load 
to a gentle stop, providing the maximum actuator 
pressure rating is not exceeded by the cushions. 
Again, for high inertia or high speed loads externally 
mounted valving or deceleration devices should be 
used to minimize system shocks. 


B. Surge Pressures 


Surge or shock pressure in excess of the actuator 
rated pressure are detrimental to unit lite and must 
be avoided. Crossover relief valves mounted 
adjacent to the actuator can help reduce these 
abnormal pressure peaks. 


Pressure developed by cushion or deceleration 
valves should also be kept below rated pressure. 


C. Angular Velocity 


Angular velocity can be controlled by metering the 
flow into or out of the actuator ports. This can be 
accomplished by the use of flow control valves or if 
more sophisticated control is required; through the 
use of proportional or servo valves. 


Care should be taken when using a meter-out circuit 
if the load moves over center, as the combination 
of load and pump generated pressures may exceed 
the actuator rating. 


D. Drains 


Some actuators are fitted with drain ports to 
minimize external leakage possibilities. These 
drain ports should be connected directly back to the 
oil reservoir with a minimum or back pressure (50 
psi maximum). 


E. Gear Chamber 


Some rack and pinion actuators are supplied with 
the gear chambers filled with a molybdenum 
disulfide grease to better absorb gear stress and 
extend gear life. This chamber should be checked 
and filled periodically to ensure adequate gear 
lubrication. The housing 1$ also fitted with a small 
relief valve that vents excess pressure in the gear 
chamber to the atmosphere. This ts an indication 
of pressure seal wear, because high pressure oil is 
bypassing the piston seal and pressurizing the gear 
chamber. The piston seals should then be replaced. 
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F. Fluid Medium and Seals 


For hydraulic usage, a clean, filtered, high-quality 
mineral-based hydraulic fluid with 150 to 500 S.U.S. 
Viscosity at 100°F is recommended for use with 
standard buna seals. Cleanliness should be main- 
tained to an ISO code 17/14 level. The correct filters 
can be provided by your fluidpower distributor. 


Air service units, including filter, regulator, and 
lubricator ensures correctly conditioned compress- 
ed air is available for pneumatically operated 
systems. 


Standard seal compound is Buna М for mineral- 
based hydraulic fluid. Other seal materials can be 
provided for most operating fluids. To ensure 
correct seal compound, please provide the name 
and type of operating fluid to the factory. 


G. Shaft Couplings 


Couplings should engage the full length of the shaft 
keyway and pressure should only be applied after 
support has been provided on the opposite end of 
the shaft. Shafts should be within 0.005 TIR to 
ensure proper alignment. 
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